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wound healing 


Patients move about more freely after their 
operations and are out of the hospital sooner 
when their wounds have been closed with 
a minimum of trauma. Davis & Geck offers 
two modern aids to faster and more even 


healing: 


1. Davis & Geck “timed absorption” sur 
gical gut—in small sizes 


2. Davis & Geck Atraumatic® needles 


faster healing with smaller sizes 
of surgwal gut 

Davis & Geck surgical gut sutures may be 
used in smaller sizes than might be expected 
because diameter for diameter the tensile 
strength is unexcelled by any other brand. 
By a unique process of control, these “timed 
absorption” sutures offer maximum resist- 
ance to digestion during the early days 
when the wound is weakest. After healing 
is under way, digestion is more rapid until 
completed. Smaller suture sizes permit closer 
approximation and provoke less trauma. The 
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faster healing with Atraumatic* 
needles 


In suturing with Atraumatic needles there 
is less tissue trauma, faster and more even 
healing. The D & G Atraumatic needle is 
joined to its suture smoothly. Needle and 
suture are about the same diameter. No big 
eye and double strand of suture are dragged 
through the tissue. Sutures on Atraumatic 
needles are economical, too. Surgery is easier 
and faster, needles are always sharp, no time 
is lost while the nurse threads needles. 
For better wound healing, use the smaller 
sizes of Davis & Geck “timed-absorption” 
sutures, with an Atraumatic needle attached, 
on your next wound closure. 
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Editorials 


ESOPHAGEAL CANCER 
HE ARTICLE by DeBakey and Cooley entitled “The Combined Right 
Thoracic and Abdominal Approach for Carcinoma of the Esophagus with 
Particular Reference to Palliative Resection,” beginning on page 781 of the current 
issue, is a provocative one and is deserving of careful study. Cancer of the esophagus 
is not an esoteric subject, since it constitutes about 2% of all malignant growths, 
and when considered in conjunction with adenocarinoma of the gastric cardia 
comprises about 10% of all cases of cancer of the gastrointestinal tract. In general, 


cancer of the esophagus has its peak incidence in persons in their early 60's; there- 


fore it is likely to increase steadily in frequency as the life expectancy of our 
population is lengthened. 

Present-day experience with the therapy of this disease is admittedly discourag- 
ing. Patients do not readily consult a physician when afflicted with minor disturb- 
ances in the swallowing function. Furthermore, dysphagia may be absent until the 
disease is far advanced. Pain also is likely to be a late symptom. The esophagus 
has a rather tenuous muscular coat and no true serosa except in its abdominal 
course. Therefore, contiguous structures such as the trachea, left bronchus, aorta, 
pericardium, prevertebral fascia and diaphragm are easily invaded by direct exten- 
sion depending on the level of the lesion. Good cancer surgery in the sense of a 
wide total excision of the lesion with neighboring tissues and regionally draining 
lymph nodes is almost an impossibility on anatomical grounds. This fact is reflected 
in the disturbingly low five-year survival rate after resection for epidermoid cancer 
of the esophagus proper and the only slightly improved performance after excision 
of distally placed adenocarcinomas, most of which arise in the cardia of the stomach 
or the esophageal glands. 

For several years surgeons active in the field of thoracic disease have been 
talking less and less about cure and more and more about palliation of esophageal 
cancer. So-called palliative gastrostomy or jejunostomy for esophageal malignant 
obstruction is rarely, if ever, palliative. It does not remove the obstruction, the 
infection, or the source of pain stimuli, nor does it relieve for long the troublesome 
manifestation of pharyngoesophageal hypersecretion. Relief of symptoms and the 
reconstruction of a satisfactory if not perfect swallowing passage are provided by 
the operation of partial esophagectomy with esophagogastrostomy. This procedure 
has been successfully executed by American surgeons since 1938, although it did not 
actually originate in this country. 

The practical questions remain, first, whether operations of the magnitude 
necessary to encompass even subtotal removal of an esophageal cancer can be per- 
formed with a satisfactorily low mortality and morbidity, and, second, whether such 
operations can provide with some regularity sufficiently long-term survivals before 
death is caused by metastases, local recurrence, or such complications as tracheo- 
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esophageal fistula. The first question appears to be answered in the affirmative by 
the experience of Drs. DeBakey and Cooley. It should be pointed out, however, 
that their exceedingly favorable mortality rate has not been duplicated in many 
clinics to date. The usual mortality figures presented for esophagectomy range 
between 10 and 40% (in our own clinic at last analysis the figure was 14%). The 
second question regarding life expectancy after esophagectomy is not satisfactorily 
answered in the paper under discussion. Death as early as three months after 
operation hardly justifies the major effort involved, whereas prolongation of useful 
and comfortable life for periods of 12 to 36 months in the age groups concerned 
would seem a reasonable and desirable accomplishment. Longer follow-ups on such 
cases as those presented by Drs. DeBakey and Cooley may help to answer the 
question. 

More attention needs to be paid to radiation therapy for esophageal cancer. 
Scandinavian workers have pointed the way in this field. This epidermoid cancer 
is not uniformly and highly radiosensitive ; yet tumor dosages of 5,000 to 6,000 r 
may result in total destruction of the cancer so far as it is confined to the esophagus 
proper. Both autopsy and surgical material after adequate radiation therapy in many 
clinics, including the writer's, attest to this fact. Unfortunately, regional extensions 
to lymph nodes and contiguous tissues are not as favorably influenced. 

The safe delivery of such large tumor roentgen ray dosages demands a technique 
of divided doses through multiple skin ports arranged circumferentially at the level 
of the lesion or the employment of a rotating field method in order to spare damage 
to the skin and lungs. The latter are frequently already the site of fibrotic and 
emphysematous changes. The anatomy of the esophagus lends itself well to the 
rotating chair technique as proposed by the Danish workers. 

When a neoplastic obstruction associated with such definite criteria of inopera- 
bility as a positive cervical lymph node biopsy can be effectively eliminated by 
roentgen ray therapy, this would appear to be the preferred modality of palliative 
treatment. When the location of the tumor and associated bronchoscopic findings 
indicate the possibility of subsequent tracheo- or bronchoesophageal fistula formation, 
an attempt at palliative surgical excision seems preferable to radiation therapy, 
which can accelerate perforation and the development of fistula. 

Dilatation of carcinomatous strictures and their intubation with semiflexible 
plastic tubes are other palliative methods. Both are risky and of short-term value, 
but are applicable in advanced cases with concomitant severe cardiovascular or other 


degenerative diseases which may contraindicate a major surgical or radiotherapeutic 


approach. The segmental resection of an esophageal cancer with implantation of a 
plastic hollow cylinder to reconstitute the swallowing passage is a procedure inter- 
mediate in severity between the preceding and the operation of radical resection and 
esophagogastrostomy. As a palliative procedure it has already found some favor. 
(ne must continue educational efforts directed at both the medical profession 
and the laity toward earlier recognition of esophageal cancer by appropriate radio- 
graphic and especially fluoroscopic methods and by the earlier employement of 
esophagoscopy in cases of dysphagia, even when the roentgenograms are equivocal. 
Some improvement in end-results should accrue from these efforts. A thorough 
investigation of the therapeutic results from a combination of radiotherapeutic and 
surgical excisional techniques employed seriatim is urgently indicated, and a start 


on this problem has been made in several clinics. Gustar EF. Linpsxoc. 





CARDIAC ARREST AND VENTRICULAR FIBRILLATION 


Experimental Study in Dogs with Acute Hypoxia and Hypercapnia and in Dogs with Chronic Hypoxia 


B. D. STEWART, M.D. 
ROBERT W. VIRTUE, M.D. 
AND 
HENRY SWAN, M.D. 
DENVER 


 Pewgees standstill and ventricular fibrillation constitute major catastrophes 
that are ever-present threats to the welfare of the patient. Among the suspected 
factors responsible for cardiac disasters is the so-called vagovagal reflex. Disturb- 
ances in the oxygen and carbon dioxide concentrations in the blood due to improper 
ventilation have been suggested as factors influencing this reflex. Beecher’ has 
stated that there is good reason to believe that some of these accidents are due to 
the accumulation of carbon dioxide, even when the oxygenation of the patient is 
normal. Sloan’ has conducted a series of animal experiments in an attempt to 
elucidate this phase of the problem. He was unable to produce even temporary 
cardiac arrest by vagal stimulation when the dogs were exposed to normal concen- 
trations of oxygen, and he found that temporary cardiac arrest occurred more 
frequently during progressive asphyxia (hypoxia and hypercapnia) than during 


hypoxia alone. Young, Sealy, Harris, and Botwin * found that hypercapnia enhanced 


the effect of vagal stimulation on the heart ; on the other hand, they felt that hypoxia 
diminished the effect of vagal stimulation. 

Since there is some disagreement as to the effect of hypoxia and hypercapnia on 
temporary cardiac arrest resulting from vagal stimulation, it appeared worth while 
to us to attempt to reevaluate it. In addition, it seemed possible that there might be 
differences in the response to these variations between the chronically hypoxic dog 
and the normal dog, particularly since much cardiovascular surgery is done on 
patients who are chronically hypoxic. Also, it seemed worth while to investigate 
the effects of these conditions on the cardiac arrhythmias induced by epinephrine in 
the animal under cyclopropane anesthesia. 

\ided primarily by a Grant-in-Aid from the United States Public Health Service H-8 (C5). 

Read at the Sixtieth Annual Meeting of the Western Surgical Association, Houston, Texas, 
Dec. 4, 1952 

From the Halsted Experimental Laboratory of the Department of Surgery, University of 
Colorado School of Medicine. 

1. Beecher, H. K.: Principles, Problems and Practices of Anesthesia for Thoracic Surgery, 
A. M. A. Arch. Surg. 62:206-238, 1951. 

2. Sloan, H. E.: The Vagus Nerve in Cardiac Arrest: The Effect of Hypercapnia, Hypoxia 
and Asphyxia on Reflex Inhibition of the Heart, Surg., Gynec. & Obst. 91: 257-263, 1950. 

3. Young, W. G., Jr.; Sealy, W. C.; Harris, J., and Botwin, A.: The Effects of Hyper- 
capnia and Hypoxia on the Response of the Heart to Vagal Stimulation, Surg., Gynec. & Obst 


93:51-55, 1951. 
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METHODS 


A. Study of Cardiac Arrest in Normal Dogs Due to Vagal Stimulation.—Nine- 
teen healthy adult mongrel dogs were anesthetized with intravenous injections of 
pentobarbital sodium (26 mg. per kilogram of body weight). Endotracheal intuba- 
tion was carried out using a tube with an inflatable cuff. The endotracheal tube was 
attached to a closed system with a rebreather bag and soda lime absorption 
chamber. When the chest was entered, artificial respiration was given by the anesthe- 
tist. The left chest was opened through the fourth intercostal space and the vagus 
nerve was isolated for a short distance near the arch of the aorta. An electrode was 
placed on the nerve, and a Harvard inductorium was used to produce continuous 
strong faradic stimulation of the intact nerve until cardiac arrest followed by spon- 
taneous escape had occurred. The duration of asystole resulting from each stimula- 
tion was measured with a stop watch. The dogs were allowed to breathe three gas 
mixtures: (1) 50% oxygen and 50% nitrous oxide, (2) 10% oxygen and 90% 
nitrous oxide, and (3) 50% oxygen, 20% carbon dioxide, and 50% nitrous oxide. 
During the administration of mixture 1, mild hyperventilation was carried out in 
order to “wash out” and absorb most of the expired carbon dioxide. This was calcu- 
lated to produce normal oxygen and carbon-dioxide tissue saturations. During the 
use of mixture 2, hyperventilation was done again to produce normal carbon-dioxide 
tissue saturation, but, because of the low oxygen content of the inspired gas mix- 
ture, hypoxia without hypercapnia resulted (true hypoxia). When mixture 3 was 
given, the soda lime chamber was removed and a nonbreather valve was introduced 
into the system. Because of the adequate oxygen concentration with the added 
carbon dioxide, this mixture was calculated to produce hypercapnia without hypoxia 
(true hypercapnia). Vagal stimulation was carried out twice after the dogs had 
breathed each of the mixtures for at least 10 minutes. 

B. Study of Cardiac Arrest in Chronically Hypoxic Dogs Due to Vagal Stimula- 
tion.—At the completion of each of the experiments described above, and in other 
animals, a right-to-left vascular shunt of some type was constructed in an attempt to 
create chronic hypoxia in the dogs. Various types of procedures were tried, includ- 
ing pulmonary arteriovenous fistula, anastomosis of pulmonary artery to left auricle 
and partial pulmonary artery stenosis, and tricuspid insufficiency combined with 
interauricular septal defect. By the use of these methods nine dogs were made 
chronically hypoxic. The arterial oxygen saturations were determined on these 
chronically hypoxic dogs at frequent intervals postoperatively by the technique of 
Van Slyke and Neill. 

Methods of Constructing Significant Right to Left Shunts—Method A (Pul- 
monary Arteriovenous Fistula) : Pulmonary arteriovenous fistula seems the obvious 
method of producing arterial oxygen desaturation. Satisfactory right-to-left shunts 
can be obtained by multiple pulmonary arteriovenous fistulae. However, this is 
time-consuming and not uniformly satisfactory. Pierce ® has described a satisfactory 


shunt by removal of the left lung and anastomosis of pulmonary artery to vein by 


4. Van Slyke, D. D., and Neill, J. M.: The Determination of Gases in Blood and Other 
Solutions by Vacuum Extraction and by Monometric Measurement, J. Biol. Chem. 61:523-573, 
1924. 

5. Pierce, E. C., IT: Experimental Right to Left Pulmonary Blood Shunt in Dogs, A. M. 
A. Arch. Surg. 63:162-167, 1951. 
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means of a preserved arterial homograft. We did not use this technique because of 
the fear that shifting of the heart and great vessels incident to removal of the entire 
lung would influence the results of our cardiac irritability studies. We obtained our 
best results by removing the left lower lobe and doing an end-to-end anastomosis 
between the artery and vein of that lobe. 

In this operation, the left lower lobe was dissected from the middle lobe, the 
hilum identified, and Potts vessel clamps applied to the pulmonary artery and the 
inferior pulmonary vein. Branches of these vessels were ligated with fine silk. The 
bronchus was transected and closed with interrupted nonabsorbable surgical (silk) 
sutures. An end-to-end anastomosis was then done between the artery and vein with 
a continuous everting suture of 5-0 silk. 





LEFT LOWER LOBE RESECTED 
END TO END ANASTOMOSIS 
PULMONARY ARTERY TO VEIN 


Fig. 1—Diagrammatic sketch of Method A for creating chronic hypoxia in the dog. Pul- 
monary arteriovenous fistula is created after resection of the left lower lobe of lung. 


Arterial oxygen saturations obtained after this procedure ranged from 78 to 
85%. 

Method B (Anastomosis of Left Auricle to Pulmonary Artery Combined with 
Partial Constriction of the Artery Distal to the Shunt): Because of the close 
proximity of the left auricle and the main pulmonary artery, anastomosis between 
these structures has appealed to others as satisfactory right-to-left shunt. We tried 
the method described by Mendlowitz and Leslie,® anastomosis of the tip of the left 
auricle to the pulmonary artery. However, these shunts all became thrombosed. 
Pierce * also reported a similar experience. However, it was found that if extreme 


A 

6. Mendlowitz, M., and Leslie, A.: The Experimental Stimulation in the Dog of Cyanosis 
and Hypertrophic Osteoarthropathy Which Are Associated with Congenital Heart Disease, Am. 
Heart J. 24:141-152, 1942. 
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care was taken in the anastomosis and if partial constriction of the main pulmonary 
artery distal to the anastomosis was accomplished the shunts would remain patent 
and would cause severe hypoxia. 

In the preparation of these animals the lung was retracted from the peri- 
cardium, the left phrenic nerve was dissected free of the pericardium, and 
alter the injection of 5 cc. of 5% procaine hydrochloride solution into the peri- 
cardial sac, the pericardium was opened widely over the main pulmonary artery 
and the infundibulum. By blunt and sharp dissection the main pulmonary artery was 
freed from surrounding structures for a short distance and a segment of umbilical 
tape was passed around the artery. A Southwick clamp was applied to the side of 
the artery nearest the tip of the left auricle. A 1.5 cm. incision was made over the 
clamp. A Satinsky clamp was then applied to the left auricle and the tip of the 
auricle amputated. An attempt was made to amputate enough of the tip to remove 
the pectinate muscles lining it. This was not possible every time, but an attempt 
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Fig. 2—Diagrammatic sketch of Method B for creating chronic hypoxia. Right-to-left 
shunt, pulmonary artery to left auricle, is made to remain patent by adding partial pulmonary 
stenosis distal to the shunt. 


was made to obtain as smooth a lining as possible. The auricle was then anastomosed 
to the side of the pulmonary artery with interrupted everting mattress sutures of 
5-0 silk. The posterior layer of sutures was placed through the inside of the 
anastomosis so as to evert the edges and tie the sutures on the outside of the vessels. 
The anterior sutures were placed in the usual manner. The intima and endocardium 
were irrigated frequently with normal sterile saline during the anastomosis. When 
the anastomosis was completed, the clamps were removed, and when oozing of blood 
from the suture line had stopped the tape previously placed around the pulmonary 
artery was tightened slowly. As the tape was made to constrict the pulmonary 
artery distal to the shunt, a brisk buzz developed in the shunt and the dog became 
very cyanotic. After a few minutes, if it appeared that the dog was going to tolerate 
the severe cyanosis, the second loop in the knot was made and the tie of the tape 
completed. Usually about a 50% constriction of the vessel was accomplished. The 


pericardium was closed loosely with interrupted sutures of 3-0 silk. 
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This type of right-to-left shunt carried a rather high mortality, partly due to 
the difficulty in evaluating the exact amount of pulmonary stenosis that the dog 
could tolerate. Also, in addition to the deaths at the time of operation, some of the 
dogs died a few days after operation presumably of hypoxia, in spite of adminis- 
tration of whole blood transfusions and oxygen. A few of the dogs exhibited signs 
of peripheral arterial embolic phenomenon. One dog died of a hindquarter paralysis 
due to a saddle embolus at the bifurcation of the aorta. Two other dogs died of 
emboli to the mesenteric arteries. At autopsy on these animals no thrombi were 
found on the suture line, but the left auricles were filled with antemortem thrombi. 

Nonetheless, several dogs survived six weeks or more with remarkably low 
arterial oxygen saturations, ranging from 37 to 65%. 

Method C (Interauricular Septal Defect Combined with Tricuspid Insuffici- 
ency) : It occurred to us that an interauricular septal defect could be made to shunt 
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Fig. 3—Diagrammatic sketch of Method C. Right-to-left flow through an interauricular 
septal defect is created by adding tricuspid insufficiency. 


right-to-left instead of left-to-right, as usual, if we could raise the right intra- 
auricular pressure sufficiently. Creation of tricuspid valve insufficiency seemed the 
most practicable method of doing this. We used the technique previously described 
by Templeton and Gibbon * and by one of us * of entering the right auricle during 
temporary interruption of the blood flow. We have found *® that temporary inter- 
ruption of the blood flow in the normal dog can be tolerated for a total of 1 minute 
and 30 seconds with survival of a normal animal. Such interruption may be repeated 
after a rest interval. Therefore, we had available a technique for creating inter- 
<nceaniaas 

7. Templeton, J. Y., and Gibbon, J. H.: Experimental Reconstruction of Cardiac Valves by 
Venous and Pericardial Grafts, Ann. Surg. 129:161-174, 1949. 

8. Swan, H.: Maresh, G.; Johnson, M. E., and Warner, G.: The Experimental Creation and 
Closure of Auricular Septal Defects, J. Thoracic Surg. 20:542-551, 1950. 

9. Swan, H.; Forsee, J. H., and Goyette, E. M.: Foreign Bodies in the Heart, Ann. Surg. 
135: 314-323, 1952. 
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auricular septal defects combined with tricuspid insufficiency. Since this operation 
is performed through the right side of the chest, it could not be accomplished at 
the time of the left vagal stimulation experiment. A subsequent procedure was there- 
fore necessary. 

The right side of the chest was opened through the fourth intercostal space and 
the lung retracted, exposing the mediastinal structures. Umbilical tapes were 
passed around the superior and inferior venae cavae and allowed to hang loosely. 
The azygos vein was ligated with 3-0 silk. The pericardium was then widely 
incised anterior to the phrenic nerve after 5 cc. of 5% procaine solution had been 
injected into the pericardial sac. A Satinsky clamp was applied to the wall of the 
right auricle parallel to the cavae, and an incision was made over the clamp. The 
tapes around the cavae were then tightened and the Satinsky clamp removed, 
allowing visualization of the interior of the right auricle. The interauricular septum 
was picked up and a disc of tissue about 1 to 1.5 cm. in diameter was excised. 
The auricle was then filled with saline and the Satinsky clamp reapplied and the 
tapes around the cavae released. This usually required about 45 seconds to 1 minute. 
After circulation through the heart was reestablished, it was allowed to recover for 
several minutes. Cardiac entrance was then repeated by again occluding the caval 
blood flow, but this time a cusp of the tricuspid valve was removed. After the heart 
was flooded with saline and the Satinsky clamp reapplied, blood flow was allowed 
to resume. The auricular incision was now closed with interrupted 3-0 silk sutures. 
Immediately after release of the constricting tapes around the cavae, the right auricle 
was always noted to transmit marked pulsations of tricuspid regurgitation and the 
dog was noted to become markedly cyanotic. The chest was closed in layers with 
interrupted silk, the air from the pleural space being aspirated with water seal 
drainage. 

Arterial oxygen saturations ranged from 50 to 70% as a result of this operation. 

Of the 19 dogs undergoing the vagal stimulation experiment as normal dogs, 
4 survived a shunting procedure and lived in a hypoxic state from six weeks to five 
months. Five additional dogs, not previously studied by vagal stimulation, survived 
construction of a right-to-left shunt and lived similar lengths of time. On these 
nine chronically hypoxic dogs a total of 10 experiments were done. Exactly the 
same procedure of vagal stimulation with use of the varying breathing mixtures 
described above was done on these dogs after they had lived in a hypoxic state 
from 10 to 5 months. 

C. Study of Ventricular Arrhythmias Produced by Cyclopropane and E pine ph- 
rine-—Meek, Hathaway, and Orth '° pointed out that cyclopropane and epinephrine 
produce ventricular arrhythmias. These investigators were able to establish a 
standard arrhythmia-producing dose of epinephrine to be given during the adminis- 
tration of cyclopropane anesthesia. This dose of epinephrine is 0.01 mg. per kilogram 
of body weight dissolved in 5 cc. of isotonic sodium chloride injected intravenously 
1 cc. per 10 seconds. Using this technique, we attempted to evaluate the effects of 
hypoxia, hypercapnia, and normal respiratory exchange on these arrhythmias. 

Ten healthy adult mongrel dogs were anesthetized with intravenous injections of 
thiopental (pentothal®) sodium deep enough to allow endotracheal intubation with a 
tube with an inflatable cuff. They were then allowed to breathe a cyclopropane and 


ec 


10. Meek, W. J.; Hathaway, H. R., and Orth, O. S.: Effects of Ether, Chloroform and 
Cyclopropane on Cardiac Automaticity, J. Pharmacol & Exper. Therap. 61:240-252, 1937. 
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oxygen mixture in a closed system with a soda lime chamber in the system for 
carbon-dioxide absorption for about 20 minutes. The gas mixtures were adjusted, as 
described below, to produce physiologic respiratory exchange, hypoxia, and hyper- 
capnia, at the same time maintaining a constant level of anesthesia. The depth of 
anesthesia which produced loss of the lateral eyelid reflex and preservation of the 
medial eyelid reflex was used. The three gas mixtures were approximately as fol- 
lows: (1) 10% cyclopropane and 90% oxygen, (2) 10% cyclopropane, 10% 
oxygen, and 80% nitrous oxide, and (3) 10% cyclopropane, 30% oxygen, 20% 
carbon dioxide, and 40% nitrous oxide. With mixtures 1 and 2 mild hyperventila- 
tion by artificial respiration was done as described previously. During adminis- 
tration of mixture 3, the soda lime chamber was removed and a nonrebreather 


TaAsLe 1.—Duration of Cardiac Arrest in Seconds in Normal Dogs Induced by Stimulation 
of the Left Vagus Nerve 
Dog Breathing the Following Gas Mixtures 
0% Oz and 10% Oz and 30% Oz and 20% CO2 
Experi 50% NeO 9% NeO and 00% NeO 
ment — ~ - - . A 
Ist Stim. 2d Stim Average Ist Stim. 2d Stim. Average Ist Stim. 2d Stim. Average 


13.5 16.7 15.1 7.5 9.0 &. 25.5 23.5 24.5 
3.5 4.0 3.7 2.5 4.5 3. 8.5 16.0 12.2 
4.0 3.0 3.5 “a 3.0 3.6 10.0 8.0 9.0 
02 1.8 1.0 2 20 1.0 7.2 4.1 
6.0 14.0 10.0 16.0 3.2 32.0 48.0 40.0 
26 1.0 3.5 26 ‘ 13.0 15.0 14.0 
34 2.4 2.6 : 6.0 ; 6.0 
4.0 3.0 3.5 3.6 7 90 a0 
50 1.8 3. 3 : 3 11.0 8.5 
14 12 , 5 » 5.0 3 4.0 
1.6 1.0 Q j 2.2 2.3 22 
1.7 l4 fi 2 x! 3.5 

2.3 2.0 8.1 
1.7 
2.3 


3.0 


om 1S de Po PO PO 


valve inserted. The animals were allowed to breathe each of the mixtures about 
10 minutes before the arrhythmia-producing dose of epinephrine was given intra- 
venously. The sequence in which various gas mixtures were given to the animals 
was varied in the different experiments. Continuous electrocardiographic tracings 
were taken during these experiments, and the resulting arrhythmias were classified 
as to rapidity of onset, severity, and duration. 


RESULTS 


Our study of cardiac arrest due to vagal stimulation in the normal dog under 


conditions of (a) normal respiratory exchange, ()) hypoxia, and (c) hypercapnia 


produced consistent data and agreed in part with the findings of Young, Sealy, 
Harris, and Botwin.® These results are completely tabulated in Table 1. It can be 
noted from this table that the absolute duration of cardiac arrest resulting from 
vagal stimulation varied somewhat from animal to animal. However, the remark- 
ably constant finding was the ratio of these times to each other, as is shown in 
Table 2. The duration of cardiac arrest during hypercapnia was consistently two 
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to five times longer than during normal respiration or during acute hypoxia. It was 
observed that while in acute hypoxia the dogs were cyanotic, but prior to vagal 
stimulation cardiac action was not altered. However, when the dogs were made 
acutely hypercapnic, an obvious slowing of the heart rate and apparent weakening 
of the contractions were noted. We did not have arterial pressure studies and elec- 
trocardiographic tracings to complement these observations. 

As stated previously, the mortality rate in the chronically hypoxic dogs was 
high. It was necessary to produce a right-to-left shunt of blood in 42 animals before 
9 satisfactory dogs were prepared. Operative deaths as a result of Method A (pul- 
monary arteriovenous fistula) were minimal, but the degree of arterial oxygen 
desaturation from this operation was not striking. The highest mortality was encoun- 
tered in the use of Method B (anastomosis of the pulmonary artery to the left 


TasLe 2.—Cardiac Arrest in Seconds in Normal Dogs: Vagal Stimulation (Summary Data) 








Averages of 2 Stimulations in Each Condition 


Dog No. : Eupnea Acute Hypoxia Hypercapnia Ratio 

8.2 24.5 “ 
12.2 
9.0 
4.1 
40.0 
14.0 
6.0 
8.0 
8.5 
4.0 
2.2 
5.9 
6.6 
8.0 
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auricle with stenosis of the artery distal to the shunt). A total of 15 shunts of this 
type were done to obtain three dogs surviving in a chronic hypoxic state long enough 
to be subjected to vagal stimulation studies. This method, however, produced the 
most profound chronic hypoxia. Method C (interauricular septal defect combined 
with tricuspid insufficiency) proved to be the least wasteful method of causing 
significant arterial oxygen desaturation. Eight operations of this type produced 
four animals living long enough to be subjected to vagal stimulation. 

Studies of vagal stimulation in chronically hypoxic dogs differed significantly 
from those in the normal animal. The complete data are seen in Table 3. As will be 
noted, the results were quite consistent, except for the one dog (4B) which had been 
hypoxic for only 10 days. He responded in the fashion of a normal dog. The 
duration of asystole resulting from vagal stimulation of these dogs again varied 
somewhat from animal to animal, but, as in the normal, the ratio of these times to 
ach other was the remarkably consistent finding, as is shown in Table 4. Of par- 
ticular interest was the finding that the prolongation of cardiac arrest seen in the 
normal dog in acute hypercapnia did not occur in the chronically hypoxic dog in 
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Hypoxic Dogs Induced by 











Dog Breathing the Following Gas Mixtures 


Type % 

Shunt Arterial 
(See Oz Satu- 
Text) ration 


Experi 
ment 
No. 


50% Ov and 50% NeO 
Ist Stim. 
0.0 
Bradyeardia 
1.0 1.2 
23 1.3 
Ventrieular 2.5 
fibrillation 
Ventricular 
fibrillation 
7A } 52 2.8 34 2.7 
oA 0.0 
Bradycardia 
1.5 


Ist Stim. 
0.0 
Bradycardia 
1.2 
1B Z Sed 

8A 


2d Stim. 
Oo 


°B 20 


0.0 
Bradyeardia Bradycardia 
1.6 Ventricular 
fibrillation 


0.0 


3B 


8 


4.0 


°6 


iB 
5B 


2.3 3.1 


* Dog No. 4B had been hypoxic only 10 days 


Tas_e 4.—Cardiac Arrest in Seconds in Chronically Hypoxic 


(Summary Table) 


10% Oz and 90% N2O 


30% Oz, 20% COz, 
and 50% N 


2d Stim. 
0.0 


Ist Stim. 
0.0 
Bradyeardia 
14 
1.6 


92 


2d Stim. 


0.0 


14 
1.6 
20 


Ventricular 
fibrillation 
3 0 
0.0 
Bradycardia 
0.0 
Bradycardia 
94 
23 


Ventricular 
fibrillation 
3.0 
0.0 
Bradyeardia 
Ventricular 
fibrillation 


9.0 


Ventricular 
fibrillation 
415 
0.0 
Bradycardia 
17 
5.1 
3.0 2.6 


All others had been hypoxie six weeks or more. 


Dogs: Vagal Stimulation 


Averages of 2 Stimulations in Each Condition 


Eupnea 
I 
0.0 
1.3 
12 
34 


Acute Hypoxia Hypercapnia 


Ratio 
0.0 1: 
1.4 : 
1.6 


2.4 


0.0 


* Dog 4B had been hypoxic only 10 days; all others had been hypoxie 6 weeks or more. 


TABLE 5.—Cardiac Arrest in Seconds Before and After Period of Chronic Hypoxia: 
Vagal Stimulation (Same Animals) 


Various Breathing Mixtures 
(Average 2 Stimulations) 
Arterial . 
Oe Satu 
ration 


Hyper- 
ecapnia 


Acute 
Dog. No. Eupnea Hypoxia Ratio 
Normal dogs 

3.3 
3.5 
1.3 


2.0 


14.0 


a0 
4.0 
ae 
Average 


Chronically hypoxie dogs 
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hypercapnia. This effect is emphasized in Table 5, which compares the duration 
of vagal cardiac arrest in four dogs in the normal state with the duration of vagal 
arrest in the same animals after six weeks of chronic hypoxia. It certainly appears 
from these data that hypercapnia, which enhances vagal cardiac arrest in the normal 
dog, does not have this effect in the chronically hypoxic dog. 

Composite average ratios of the duration of cardiac arrest from all the experi- 
ments with vagal stimulation are illustrated in graphic form in Figure 4. The 
implications of the graph, we feel, are compelling. 
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Fig. 4—Composite data of average ratios of all vagal stimulation experiments is presented 
graphically. Hypercapnia enhances vagal arrest in normal dog but not in chronically hypoxic 
animal. 
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TABLE 6.—Cyclopropane-Epinephrine Produced Cardiac Arrhythmias 


Eupnea Hypoxia Hypercapnia 


Experi- Onset After Onset After Onset After 
ment Injection, Duration, Injection, Duration, Injection, Duration, 
No. Dog No. See. Sec. See. Sec. See. See. 

30 lc 27 15 (15) (135) * No arrythmias 

31 2C No arrythmias (20) (14) No arrythmias 

32 3C 72 76 (40) (80) 76 24 

33 4c (15) 120 20 (220) * 24 5 

34 5c 60 3 (30) (78) HU) 60 

35 6C (30) (33) No arrythmias No arrythmias 

36 7C 30 15 (15) (200) 30 52 

37 8C 25 75 (25) (90) 36 5 

38 9C (45) (118) 75 8 36 80 

39 10 ¢ 82 45 (30) 


* Cardiae arrythmias did not stop until 100% oxygen was given. 


Although hypercapnia increased the length of cardiac standstill in the normal 
dog subjected to vagal stimulation, it did not increase the severity of ventricular 
arrhythmias caused by cyclopropane-epinephrine administration. The data from 
these experiments are presented in Table 6. In 8 of the 10 dogs subjected to this 
experiment, the duration of arrhythmia was longest, and in 7 the onset of arrhythmia 
was quickest when the dogs were hypoxic. The figures in parentheses in Table 6 
represent the quickest onset and longest duration of arrhythmia in each experi- 
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ment, The types of arrhythmia were not appreciably different in the various con- 
ditions and consisted of runs of premature ventricular contractions, runs of ven- 
tricular tachycardia, pulsus bigeminus, pulsus trigeminus, occasional pulsus bigem- 
inus of supraventricular origin, and runs of ventricular ectopic beats. Ventricular 
fibrillation did not occur in any of the animals, presumably because of the small size 
of the dose of epinephrine. The data suggest that hypoxia is of importance in 
enhancing the disturbance of cardiac rhythm caused by the cyclopropane-epinephrine 
combination in the dog. 

Chronic hypoxia, moreover, appeared to be of importance in producing severe 
arrhythmias in some of the vagal stimulation experiments. By reference again to 
Table 3, it will be noted that in three of the chronically hypoxic animals ventricular 
fibrillation developed when the nerve was stimulated. Ventricular fibrillation occurred 
a total of seven times in these three animals, apparently with no relation to the gas 
mixture being breathed. None of these dogs died during the experiments, since we 
were able to restore normal rhythm of the heart by electrical defribillation massage 
and by the administration of 100% oxygen. It is noteworthy, however, that ven- 
tricular fibrillation following vagal stimulation did not occur in any of the normal 
dogs but did occur in one-third of the chronically hypoxic animals. 


SUMMARY AND CONCLUSIONS 

The effect of acute hypoxia and hypercapnia induced by breathing mixtures 
containing varying amounts of oxygen and carbon dioxide on the cardiac arrest 
produced by vagal stimulation was studied in normal and in chronically hypoxic 


dogs. 

Three methods for producing chronic hypoxia in dogs are described. 

In the normal dog, hypercapnia significantly enhances vagal cardiac arrest. In 
the chronically hypoxic dog, hypercapnia does not enhance vagal arrest. 


The effect of acute hypoxia and hypercapnia induced by breathing mixtures con- 


taining varying amounts of oxygen and carbon dioxide on the cardiac arrhythmias 


induced by cyclopropane anesthesia with intravenous administration of epinephrine 
was also studied. 

Acute hypoxia appears to make cyclopropane-epinephrine arrhythmias more 
prolonged, whereas hypercapnia does not appear to have any specific influence. 

In one-third of the chronically hypoxia dogs, ventricular fibrillation was induced 
by vagal stimulation, whereas this arrhythmia did not occur with vagal stimulation 
in previously normal (nonhypoxic) dogs 


> 





CARDIAC ARREST IN INFANTS AND CHILDREN 
Report of Sixty-Six Original Cases 


WILLIAM H. SNYDER Jr., M.D. 


MONICA H. SNYDER, M.D. 
AND 


LAWRENCE CHAFFIN, M.D. 
LOS ANGELES 


HE SUDDEN unexpected death of a child in the operating room occurs so 

infrequently in the experience of any one general surgeon that he may fail 
to give this problem the attention which it deserves. However, if any active surgeon 
will go back over the years and collect instances of this catastrophe just within the 
operating rooms in which he has worked, he will be amazed at the frequency of the 
occurrence. Then, if he has one patient who recovers successfully by the use of 
cardiac massage and appropriate resuscitative measures, he regrets that the method 
has not been used throughout his career and thus is eager to see it put into practice 


in all operating rooms and by all surgeons. This is the purpose of this presentation. 


MATERIAL 
This study covers a 23-year period and records 66 cases of sudden arrest of the heart in 


children, occurring in the operating rooms of two hospitals (Table 1). There were eight cases 


Taste 1.—Sudden Death and Cardiac Arrest in Children at Surgery 
(Cases Collected During a Twenty-Three Year Period) 


No. of 
Group Period, Yr Source Children 


I 5 (1924-1929) Staff Massachusetts General Hospital 
(1934-1952) Staff Los Angeles Childrens Hospital 
18 


ani (1948-1952) John C. Jones Childrens Hospital 


Total 23 yr 


(Group I) during the first five years of this study. These were collected from the records at 
the Massachusetts General Hospital in 1930. There were 58 cases during the last 18 years, 
occurring at the Los Angeles Childrens Hospital; 23 of these cases (Group IL) of cardiac 
arrest were encountered in the general surgical services and 35 in patients with cardiac condi- 
tions (Group III). Each individual case record has been analyzed in Tables 2, 3, and 4, 
a 

Read at the Sixtieth Annual Meeting of the Western Surgical Association, Houston, Texas, 
Dec. 4, 1952. 

From the Department of Surgery, University of Southern California School of Medicine, 
and Los Angeles Childrens Hospital. 
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DEFINITION 

We have considered cardiac arrest occurring in the operating room to mean 
asystole of one minute or more. This definition does not exclude patients who are 
moribund or have uncontrollable hemorrhage or irreversible asphyxia, etc. How- 
ever, were these patients excluded it would eliminate only three or four cases from 
the total number presented. Although it must be admitted that no plan of cardiac 
resuscitation would have made any difference in the outcome of these moribund 
patients, still one cannot conclude this with finality. The heart itself has been started 
even after six hours of death from lethal conditions by Kountz,' and who can say 
that the moribund state or hemorrhage or asphyxia is absolutely irreversible ? 


HISTORY 


The history of sudden cardiac arrest and death in infants and in children has 
been the subject of interest and study since Felix Platter? (1536 to 1614) first 


TABLE 2.—Case Reports: Group I (Cardiac Arrest, Massachusetts General Series, 1923 to 1934) 


Condition Procedure Anesthesia Treatment \utopsy 


Empyema Rib reseetion Proeaine upportive Normal 
thymus 
Tonsillitis Tonsillectomy Ether, ipportive Status 
and adenoidee open lymphaticus 
tomy 
°64061 g? 3 Fracture Open reduction Ether, ing pportive Enlarged 
oper thymus 
69237 ” Obstruetion Exploratory Ether, ring ipportive Status 
laparotomy open lymphatieus 


8203 1925 r Osteomyelitis Osteotomy Ether, Conelu upportive Syncope under 
open sion anesthesia 


G.8 927 10 Tonsillitis Tonsillectomy Ether, Conelu ipportive Syneope under 
and adenoidec open sion unesthesia 
tomy 

29 1080 19? ) Burn Skin graft Ether, Start pportive Syneope under 

open anesthesia 


OAL 1924 ] o Empyema Thoraeotomy Proecaine During Supportive None 


attributed it to enlargement of the thymus. Under the title “status thymus lym- 
phaticus” and “lymphatism” there have appeared a number of articles each year 
in the Quarterly Cumulative Index Medicus from the first issue until 1942. At this 
time the heading was dropped. From a practical standpoint the concept of thymic 
death has not been as vet of value * in predicting or eliminating sudden death in 
infants and in children. 

In 1902 Starling and Lane * published the first report of the successful use of 
cardiac massage as a means of averting sudden death on the operating table. Since 
that time, numerous authors have reported the use of the procedure in about 350 
cases.° Although many children are mentioned in these reports, no article dealing 


1. Kountz, W. B.: Revival of Human Hearts, Ann. Int. Med. 10:330, 1936 
2. Ruhrah, J.: Felix Platter 1536-1614, Am. J. Dis. Child. 36: 1037, 1928. 


3. Kennedy, R. L. J., and New, G. B.: Emergencies Associated with Thymus, M 


North America 29:860, 1945. 


4. Starling, E. A., and Lane, W Report of Society of Anesthetists, Lancet 2:1397, 
1902 


5. Cole, F.: Cardiac Massage in the Treatment of Arrest of the Heart, Study of 350 Cases, 
with 2 Original Case Reports, A. M. A. Arch. Surg. 64:175, 1952. 
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TABLE 4.—Case Reports: Group I11* 





No. 
18461 


20534 


22001 


14394 


20182 


17008 


32352 


42080 


36135 


37396 


36249 


13131 


2958 


39245 


24504 


44894 


35218 


36315 


31033 


49066 


53699 


54332 


42080 


55250 


38284 


51316 


48017 


48229 


664 


42230 


29199 


31471 


57789 


63997 


43134 


Age, 
Yr. 


9 


21 mo. 


3 


9 mo. 


18 


5 mo. 


mo. 


o mo. 


mo. 


5 mo. 


Condition 
Patent ductus 


Patent ductus 


Tetralogy of 
Fallot 
Tetralogy of 
Fallot 
Tetralogy of 
Fallot 
Tetralogy of 
Fallot 
Tetralogy of 
Fallot 
Tetralogy of 
Fallot 
Tetralogy of 
Fallot 
Tetralogy 
Fallot 
Pulmonary 
stenosis 
Tetralogy of 
Fallot 
Patent ductus 


Tetralogy of 
Fallot 
Tetralogy of 
Fallot 
Tetralogy of 
Fallot 
Bronchiectasis? 


Tetralogy of 
Fallot 
Pulmonary 
stenosis 
Tetralogy of 
Fallot 
Tetralogy of 
Fallot 
Tetralogy of 
Fallot 
Pulmonary 
stenosis 
Pulmonary 
stenosis 


Tetralogy of 
Fallot 


Coaretation of 
aorta 
Tetralogy of 
Fallot 

Patent ductus 


Pulmonary 
stenosis 


Congenital heart 
disease 

Patent ductus 
Tetralogy of 
Fallot 

Patent ductus 
Double arch 

Tricuspid valve 


Procedure 
Division 


Division 
Blalock 
Blalock 
Blalock 
Potts 
Potts 
Exploration 
Blalock 
Blalock 
Exploration 
Potts 
Division 
Potts 
Potts 
Potts 
Lobectomy 
Potts 
Pulmonary 
valvulotomy 
Blalock 
Blalock 
Blalock 
Pulmonary 
valvulotomy 
Valvulotomy 
Blalock 
Resection 
Potts 
Division 
Valvulotomy 
Exploration 
Division 
Exploration 
Division 
Resection 


Potts 


Anesthetie t 
Cyclo, eth, 
and curare 
Cyclo, eth, 
and Oz 
Cyclo, eth, 
and Oe 
Cyclo, eth, 
and O2 
Cyclo, eth, 
and Oz 
Cyclo, eth, 
and Oz 
Cyclo, eth, 
and O2 
Cyclo, eth, 
and O2 
Ecl, eth 


Cyclo, eth, 
and Oz 
Cyclo, eth, 
and Oz 
Cyclo, eth, 
and Oz 
Cyclo, eth, 
and O2 
Cyclo, eth, 
and Oz 
Cyelo, eth, 
and O2 
Eth, O2 


Cyclo, eth, 
and O2 
Cyclo, eth, 
and Oz 
Cyclo, eth, 
and Oz 
Cyelo, eth, 
and Oz 
Cyclo, N20, 
and eth. 
Cyclo, eth, 
and O2 
Cyclo, eth, 
and Oz 
Cyclo, eth, 
and Oz 
Cyclo, eth, 
and O2 
Eth, O2 


Eth, O2 


Cyclo, eth, 
and O2 
Cyclo, eth, 
and Oz 


Cyclo, eth, 
and Oz 
Cyclo, eth, 
and O2 
Cyclo, eth, 
and Oz 
Ecl, eth, O2 


9 


Time 
End 


Postoperative 
syncope 
Preparation skin 
Chest opened 
During 

Before 

Pleura opened 
Intubation 

During 

During 

Before 

Before 
Incision 
Pleura open 
Ribs spread 
During 
Dissection hilum 
Before 

During 

Ribs spread 
During 

Before surgery 

During 

During 

After 

Near finish 
During 

During 
Incision of peri- 
eardium 
Before 

Opening chest 
Intubation 
After 

During 


During 


* There were 35 cardiac arrests in 550 operations for congenital heart disease. 
t Eel indicates ethyl chloride. 


717 


Treatment 


Massage 


Support 


Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 
Massage 


Massage 





Result 
Dead 


Dead 
Dead 
Dead 
Dead 
Recovery 
Dead 
Recovery 
Dead 
Dead 
Dead 
Temporary 
recovery 
Dead 
Dead 
Dead 
Temporary 
recovery 
Recovery 
Recovery 
Dead 
Dead 
Dead 
Temporary 
recovery 
Dead 
Temporary 
recovery 
Dead 
Recovery 
Dead 
Dead 
Temporary 
recovery 
Dead 
Temporary 


recovery 


Temporary 
recovery 


Dead 


Temporary 
recovery 

Temporary 
recovery 


Year 
1948 


1948 


1948 


1949 


1949 


1949 


1949 


1950 


1950 


1950 


1950 


1950 


1950 


1950 


1950 


1950 


1950 


1950 


1951 


1951 


1951 


1961 


1951 


1951 


1951 


1951 


1951 


1951 


1951 


1951 


1951 


1951 


1952 


1952 


1952 
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especially with the use of cardiac massage in infants and children was found. It is 
important to present the problem as it relates to children, not only to arouse the 
interest of the pediatric surgeon in cardiac massage but also because a new approach 
to the study of this condition has become available since Blalock’s * contributions 
tremendously increased the number of operations being performed on children with 
the heart in direct view of the surgeon. This has opened up great opportunities for 
human physiological experiments in the study of cardiac arrest. Already this has 
borne fruit,” and much more can be expected. 


INCIDENCE 
The incidence of cardiac arrest in the operating room has been calculated from 


57,600 consecutive general operations performed at the Los Angeles Childrens 
Hospital (Table 1, Group II) during the years 1932 to 1952. In this group there 


6 Total operations: 57,600 
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_ Fig. 1.—Chart showing incidence of cardiac arrests in general operations at Los Angeles 
( hildrens Hospital, 1932 to 1952. Number of cardiac arrests and number of general operations 
(noncardiac) are indicated according to five-year periods. Total number of operations was 
9/,090 ; number of cardiac arrests, 23, and incidence, 1 to 2,504 operations. 


were 23 cases, making an incidence of 1 arrest in 2,504 operations. If these are 
tabulated according to five-year periods (Fig. 1), it is interesting to note that during 
the last five years the incidence of arrest has increased to 1 in 1,128 operations, or 
four times that of the previous 15-year period. The cause of this startling increase, 
however, is not determined by this study, but more will be reported on this under 
the heading “Etiologic Factors.” 

ae 

6. Blalock, A.: Surgical Procedures Employed and Anatomical Variations Encountered in 
the Treatment of Congenital Pulmonic Stenosis (Rudolph Matas Lecture), Surg., Gynec. & 
Obst. 87:385, 1948. 

7. (a) Ziegler, R. F.: The Cardiac Mechanism During Anesthesia and Operation in Patients 
with Congenital Heart Disease and Cyanosis, Bull. Johns Hopkins Hosp. 83:237, 1948. (b) 
Cooley, D. A.: Cardiac Resuscitation During Operations for Pulmonic Stenosis, Ann. Surg. 
132:930, 1950. 
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The incidence of cardiac arrest in cardiac operations is quite a different matter. 
In a series of 550 operations performed by Dr. John C. Jones and his associates 


(Group III, Table 1), 35 cases of cardiac arrest occurred. This is an incidence of 
6.3%, which is in the same range as 5.5% recorded by Cooley,” from Blalock’s 


series. It means an incidence of 1 arrest in 16 cardiac operations. Thus, cardiac 
arrest in infants and children is 156 times more frequent in cardiac surgery than 
in general surgery. 


ETIOLOGIC FACTORS 
Anoxia and/or vagovagal reflex are probably responsible for and explain the 
mechanism of stoppage of the heart in the majority of the 66 cases reviewed in this 
paper (Table 5). From the evidence in the column entitled “Other Causes,” a 
breakdown in the oxygen system cannot be denied, although clinical demonstration 
of this was lacking. Excessive preoperative medications, sensitivity to drugs, and 
anesthesia were not considered in this series. At the start of the study we presup- 


s 


posed that the present-day use of a multiplicity of anesthetic agents * was in some 


way responsible. As Figure 2 indicates, this probably was not the case. Arrest 


occurred with all anesthetics used, and even without any anesthetic. The only case 
TABLE 5.—Causes of Cardiac Arrest: Clinical Study in Sixty-Stx Patients* 


Vagus Reflex Anoxia Other Causes 
Heart disease... ~- 85 Heart disease 35 Operation on extremities 
Oral surgery . Diaphragmatie hernia........ Inguinal hernia.... 
Diaphragmatic hernia : 
ssh Intestinal obstruction Brain damage... 
Esophagoseopy and bron- é : 
choseopy.... : : ’ 2 Obstructed airway tonne Sacrococcygeal tumor 


Se eee sone oe General peritonitis “em Cardiogram 


Totals.. . dies PF: 46 10 


Many cases are listed under both reflex and anoxia. The total in these groups is 96. In the 10 eases 
listed under “other causes,’ the possibility of oxygen deficiency exists but was not elinically manifest 


(18461) in which curare was administered is not indicated in Figure 2. The high 
incidence of arrest in patients under cyclopropane is due to the fact that it is rou- 
tinely used in congenital heart disease as an induction anesthetic, and then a switch 
is made to oxygen and ether. There is, of course, some evidence * that this anesthetic 
agent, cyclopropane, has a profound depressive action on the heart. 


From the experiments of Sands '® Sloan,'' Young,’* and others '* it is evident 
that anoxia, increased carbon-dioxide accumulation, and a combination of the two, 
a 

8. Dinsmore, R. S., in discussion on Johnson and Kirby. 

9, Adriani, J.; Martin, S. J., and Rovenstine, E. A.: Chromodacryorrhea and Parasympa- 
thetic Action of Cyclopropane, Proc. Soc. Exper. Biol. 45:758, 1940. 

10. Sands, J., and DeGraff, A. C.: The Effects of Progressive Anoxemia on Heart and 
Circulation, Am. J. Physiol. 74:416, 1925 

11. Sloan, H. E.: The Vagus Nerve in Cardiac Arrest, Surg., Gynec. & Obst. 91:257, 1950 

12. Young, W. G., Jr.; Sealy, W. C.; Harris, J. S., and Botwin, A.: The Effects of Hyper- 
capnia and Hypoxia on the Response of the Heart to Vagal Stimulation, Surg., Gynec. & 
Obst. 93:51, 1951. 

13. (a) Beecher, H. K., and Murphy, A. J.: Acidosis During Thoracic Surgery, J. Thoracic 
Surg. 19:50, 1950. (b) Kergin, F. G.; Bean, D. M., and Paul, W.: Anoxia During Intrathor- 
acic Operations: A Preliminary Report, ibid. 17:709, 1948. (c) McClure, R. D.; Behrmann, 
V. G., and Hartman, F. W.: The Control of Anoxemia During Surgical Anesthesia with the 
Aid of the Oxyhemograph, Ann. Surg. 128:685, 1948. 
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asphyxia, are important factors in predisposing to cardiac arrest. Experimental 
efforts to demonstrate cardiac arrest from vagal stimulation by Brodie,’* Roth- 
berger,’® and others '* have obtained only partial success because asystole lasts but 
a few seconds unless there is additional marked respiratory embarrassment. 
Focusing attention on Figure 1, the tremendous increase in the incidence of 
cardiac arrest during the last five years at the Childrens Hospital requires some 
explanation. After sorting many factors, the only change in the management of 
children operated on in the general services during this period is the use of anesthetic 
machines, or in other words, the use of the closed method of administering anes- 
thetics. During the previous three five-year periods, the vast majority of the 
anesthetics were given by simple open-drop ether administration. During this last 
period, machines have been used in a majority of the anesthetics given and in all but 
one of the cases with cardiac arrest (Table 3). It seems possible that the dead 


Cyclo, 
Ethe: 


Pent, Novo- 
Noo 


Fig. 2—Chart showing anesthetic agents used in 66 patients with cardiac arrest. Cyclopro- 
pane and oxygen were used as induction anesthetics in almost all cases of congenital heart dis- 
ease, thus accounting for the large number of arrests under this heading. Curare was used in 
combination in only one patient, not recorded. 


space and respiratory resistance in the tubes leading from the mask may be a 
responsible factor in producing hypoxia or hypercapnia in these tiny children.’* 
At any rate, the increasing incidence of cardiac arrest will require continued efforts 
on the part of the department of anesthesiology to solve the problem. 


14. Brodie, T. G., and Russell, A. E.: On Reflex Cardiac Inhibition, J. Physiol. 26:92, 1900. 

15. Rothberger, C. J., and Winterberg, H.: Uber die experimentelle Erzeugung extrasysto- 
lischer ventrikularer Tachykardie durch Acceleransreizung: Ein Beitrag zur Herzwirkung von 
Baryum und Calcium, Arch. ges Physiol. 142:461, 1911. 

16. Callaghan, J. C., and Bigelow, W. G.: An Electrical Artificial Pacemaker for Standstill 
of the Heart, Ann. Surg. 134:8, 1951. Young.!2. Beecher.1%8 

17. Deming, M. Van N.: Agents and Technics for Induction of Anesthesia in Infants and 
Young Children, Current Res. in Anesth. & Analg. 31:113, 1952. Stephen, C. R.: Technics in 
Pediatric Anesthesia, Anesthesia 13:77, 1952. 
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TYPES OF SURGERY WITH CARDIAC ARREST 

It is evident from a study of Table 6 that the order of frequency of encountering 
cardiac arrest in the different surgical specialties is as follows: thoracic, general, 
plastic, ear, nose, and throat, endoscopic, orthopedic, neurologic, and genitourinary. 

It is also evident that surgeons in all fields must be aware of this potential 
complication and be prepared to meet it, as there is rarely the time or the oppor- 
tunity to call in a specialist. In this series the general surgeon was called upon 13 
times, the plastic surgeon 5 times, the ear, nose, and throat surgeon 5 times, the 
endoscopist 3 times, the orthopedic surgeon twice, the neurosurgeon twice, and the 
genitourinary surgeon once. 


TABLE 6.—Types of Surgery with Cardiac Arrest* 





Type of Surgery No. of Cases 
Thoracic 


General 
Obstruction 
Diaphragmatic hernia 
Empyema 
Appendicitis 
Inguinal hernia 
Sacrococcygeal cyst 


Ear, nose, and throat 
Tonsillectomy and adenoidectomy 
Retropharyngeal abscess 
Tracheotomy 

Endoscopy 
Bronchoscopy 
Cardioangiogram 

Orthopedics 
Osteomyelitis 
Fractured tibia 

Neurosurgery 
Cerebellar tumor 
Pneumoencephalography 

Genitourinary 
Orchiectomy 





*In the 66 cases analyzed in this series, it is apparent that the thoracie surgeon encounters cardiac 
arrest most frequently and the general surgeon next but that surgeons in almost all the other surgical 
specialties must anticipate it occasionally. 


DIAGNOSIS 


When the chest is open, the surgeon observes cardiac arrest immediately. This 
was true in all patients undergoing cardiac surgery (Table 4). Electrocardiograms 
are routinely taken in cardiac cases, and the bradycardia and irregularities noted 
by Ziegler ™ have been helpful in anticipating the occurrence of arrest. Absence of 
motion of the heart, however, can be seen sometimes before cessation of the tracings. 


This finding has been pointed out by others.’* Studies with electroencephalograms ** 


18. Negovski, V. A.: Agonal States and Clinical Death: Problems in Revival of Organisms ; 
the Electrocardiogram During Death and Revival, Am. Rev. Soviet Med. 2:491, 1945. 
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are in progress. The differentiation of cardiac standstill and ventricular fibrillation 
rests on observation of the heart and the use of electrocardiograms. Thus far, 
fibrillation has not been recognized in this series. 

When the chest is not open, failure to hear the heart sounds, or to feel the pulse 
or obtain the blood pressure, or to palpate pulsations in a large vessel have been the 
main diagnostic signs of arrest utilized by the anesthetist and the surgeon in this 
series. 

One point, especially, should be stressed in the early recognition of cardiac arrest 
in infants. Before administration of the anesthetic is begun, a stethoscope should 
be strapped to the precordium with adhesive tape ( Fig. 3). The anesthetist can thus 
be aware of the first audible evidence of arrest. Electrical amplifying stethoscopes '* 
have been tried but at present are somewhat cumbersome and not available for the 
unexpected case. 

If the pulse rate and blood pressure cannot be obtained and the heart sounds 
cannot be heard, the chest should be opened and the heart exposed for final diag- 
nosis and treatment. 


Fig. 3.—Showing stethoscope strapped to precordium with adhesive tape. 


PLAN OF MANAGEMENT 


The suggested plan of future management can best be given by presenting 


a report of one of our cases. 


A three-week-old baby (60081) was being operated on for a sacrococcygeal tumor. A steth- 
oscope had been strapped over the precordium. The anesthetist was listening to the heart beats, 
administering intratracheal ether, and watching the final stage of the operation when suddenly 
she became aware that the heart sounds were no longer audible. She adjusted the stethoscope 
but heard nothing. Pressure inflation and deflation of the lungs with pure oxygen was admin- 
istered by manual compression of the rubber bag. The surgeon, intent on controlling a general 
ooze in the tumor bed, had noticed no change. Immediately the child was turned over on her 
back, an incision made in the fourth interspace (Fig. 4) and the heart exposed. There were no 
contractions. The heart was compressed rapidly, about 80 times a minute against the sternum 
with three fingers inserted through the opening in the chest (Fig. 5). After several periods of 
massage and observation, the administration of blood, and the injection of 0.2 cc. of 1: 1,000 

ee 

19. The amplifying stethoscope is manufactured by the Electronic Stethoscope Corporation, 
Evanston, Ill. 
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epinephrine diluted 10 times with saline, the heart resumed its normal rhythm. The chest was 
closed and the operation on the sacrococcygeal tumor completed. The child made an uneventful 
recovery and has shown a normal mental development, as observed by the pediatrician, during 
the ensuing six months, 


Incision in 


Vi LST 


Fig. 4—Showing incision made in fourth interspace. 


Fingers exert upward 
pressure against sternum 


Fig. 5.—Showing heart being compressed against the sternum with three fingers inserted 
through opening in chest. 


If drop ether is being given and a breathing machine is not available, the mask 
is removed and mouth-to-mouth breathing and mechanical respirations are started. 


The absolute maximum time allowable from the time at which the heart stops 
beating until it is started again by manual compression has been established both 
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experimentally *° and clinically to be four minutes. As Cooley *” has pointed out, in 
congenital heart disease, in which oxygen want is already present in the cortical 
cells, one minute may be all the time that is available. The same situation may exist 
if there has been anoxia from any other cause, that is, shock, hemorrhage, atelec- 
tasis, etc. 

After massage of the heart is started, a reasonable blood pressure can be main- 
tained mechanically.*'| After about three minutes of massage, if automatic beats 
have not occurred it is wise to open the pericardium and massage the heart directly. 
The advantages of compressing the descending aorta and direct transfusion should 
be mentioned. If fibrillation is present, although this has not been recognized in this 
series, a defibrillating device delivering 1.5 amp. of current through electrodes 
placed on either side of the heart should be available (Beck,** Johnson **), Also in 
this condition 1 or 2 cc. of 1% procaine injected directly into the heart is helpful. 


RESULTS 
The plan advocated in this paper was started among general surgeons in 1949. 
Although it has not been utilized in all cases, already the dismal outlook of previous 
years has been bettered, as shown in the following tabulation: 
Massage not attempted 1924-1949 Present plan started 1949-1952 
Cases 19 Cases 12 
Deaths 19 Deaths 5 
Recoveries 0 or 0% Temporary and complete recoveries 7 or 58% 
Complete recoveries 3 or 25% 
In the past there were no recoveries. Thus far, with the use of the plan, there 
have been 25% complete recoveries. 
In cardiac cases the thoracic surgeon has always massaged the heart. The results, 
although not spectacular, encourage him to continue to do so (Tabulation). His 


opportunity to investigate the physiological aspects of the tired heart under direct 


exposure is great. Methods of improving the oxygenation of the blood, better 
stimulants, and methods of averting irritability will be forthcoming. In the mean- 
time, the emphasis and attention focused on cardiac arrest by the thoracic surgeon 
must be recognized. With the knowledge already at hand, the healthy heart suddenly 
arrested should be susceptible to revival in almost 100% of cases. 
No. 
Cardiac cases with arrest (1948-1952)...........sccccccsccececees 35 


Temporary and complete recovery 
Complete recoveries 


SUMMARY AND CONCLUSIONS 

Sixty-six cases of cardiac arrest in children not previously reported have been 
presented. These have accumulated over a 23-year period, during our attendance at 
A 

20. Weinberger, L. M.; Gibbon, M. H., and Gibbon, J. H., Jr.: Temporary Arrest of the 
Circulation to the Central Nervous System: Physiologic Effects, Arch. Neurol. & Psychiat. 
43:615, 1940. 

21. Johnson, J., and Kirby, C. K.: Cardiac Resuscitation, S. Clin. North America 29:1745, 
1949, 

22. Beck, C. S.; Pritchard, W. H., and Feil, H. S.: Ventricular Fibrillation of Long Dura- 
tion Abolished by Electric Shock, J. A. M. A. 185:985, 1947. 

23. Johnson, J., and Kirby, C. K.: The Surgical Treatment of Ventricular Fibrillation, Ann. 
Surg. 184:672, 1951. 
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two hospitals. Thirty-one cases of cardiac arrest occurred during general operations 
and 35 during cardiac surgery. 

The alarming increase in the incidence of cardiac arrest during the last five years 
in the general surgical service is pointed out, and, although not explained, it appears 
to be a problem of anesthesia, dependent perhaps on the dead space and the respira- 
tory resistance in the mask and tubes leading from the face. 

The plan of management now in operation at the Los Angeles Childrens Hos- 


pital is dependent on surgeons in all branches being prepared to utilize it. The plan 


consists of immediate recognition of cessation of the heart beat during surgery, by 
having previously strapped a stethoscope to the precordium. When arrest is appar- 
ent, the heart is exposed through the fourth interspace and massage is started. 
Oxygen is artificially supplied to the lungs. 

Whereas prior to the adoption of the present plan of management, no child 
lived, now 25% have completely recovered. 

Dr. Edward Churchill, of the Massachusetts General Hospital, consented to the inclusion 
in this series of the eight cases collected at that institution in 1934. 


DISCUSSION 
On Papers sy Drs. STEWART, VIRTUE, AND SWAN AND Drs. SNYDER, SNYDER, AND CHAFFIN 


Dr. Henry Swan, Denver: I should liké*to point out perhaps the obvious, to wit, one or two 
of the clinical implications which my colleagues and I feel may lie in Drs. Stewart and Snyder’s 
comments on cardiac standstill and arrhythmias. It is good that Dr. Snyder's clinical paper 
came to essentially the same conclusion we had arrived at in this experimental study. 

Cardiac standstill occurring at the time of operation may occur, as you have all seen, with the 
operation being done on any part of the body. The anesthetist suddenly states that he is no 
longer able to obtain the pulse rate. This is usually sudden in onset and is unexpected. Every- 
thing seems to be going along well, and then this disaster occurs. The anesthetist almost invari- 
ably will state that the patient was pink, and in fact, it is quite probable that the patient was well 
oxygenated. 

We think perhaps these studies in hypercapnia indicate that the vagus reflex has been 
enhanced so that cardiac standstill has occurred and that one of the underlying causes is hyper- 
capnia which can occur in the presence of perfectly adequate oxygenation. 

This has some implications in terms of the resuscitation of the cardiac standstill. If we accept 
this concept, then when the heart first ceases to beat it is in a state of excess carbon dioxide. 
Since circulation now stops, the heart then accumulates a second difficulty, namely, stagnant 
hypoxia. In the treatment of this condition it is of crucial importance that not only is the airway 
open and artificial respiration given with oxygen but that actual hyperventilation be accom- 
plished. The exchange must be quite adequate. 

This exchange alone, of course, will have no value unless circulation is restored. This is the 
immediate function of cardiac massage. Therefore using cardiac massage, one can restore circu- 
lation, and with hyperventilation one can attempt to wash out the carbon dioxide. In our experi- 
ence in the majority of cases in which this procedure can be undertaken at once, the heart will 
resume its normal beat without the use of any stimulating drugs. 

We think it is unwise to use immediate injection of epinephrine or any other substance with 
the heart under the conditions of hypercapnia and anoxia. These drugs should be reserved 
until the cardiac muscle has relatively normal oxygenation and adequate removal of carbon 
dioxide. 

This heightens once more the significance of the anesthetist maintaining adequate ventilation 
as well as adequate oxygenation, and instrumentation which will allow him to gauge how well 
his ventilation is being accomplished is important. Currently we are using a flowmeter type 
gauge that gives an actual reading of the exchange on each and every respiration, which is of 
great help in evaluating this factor. 

The other possible clinical application which we should like to mention briefly is the possi- 
bility that here lies an explanation for the frequently observed phenomenon in cardiac surgery 
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that the cyanotic heart does not tend to go into standstill on manipulation or stimulation, not 
nearly as frequently as the noncyanotic but diseased heart. For example, in cases of pure pul- 
monary stenosis or interatrial septal defect the heart tends to go into standstill much more fre- 
quently than in cases of tetralogy of Fallot. 

If chronic hypoxia, as in the dogs which Dr. Stewart has shown us, does in fact have a 
protective effect against the enhancement of vagal reflexes, which hypercapnia apparently has 
in the normal animal, then this would be a possible explanation for this type of clinical obser- 
vation. 

Dr. Wits J. Porrs, Chicago: It is not a pleasant task for anyone to bring before a group 
of surgeons a report of misfortunes. I think too Drs. Snyder and Chaffin are due the plaudits of 
this audience for reviewing these somewhat alarming statistics and thereby again calling 
attention to this constant lurking threat. 

The term “cardiac arrest” (and I think the authors have been a bit too hard on themselves) 
has too often been used as the term to explain operating room deaths, many of which are due to 
specific causes. A diagnosis of cardiac arrest, I believe, should be reserved for those patients 
who, for no demonstrable reason, very suddently have cessation of cardiac activity. 

A patient who, because of unexpected cerebral hemorrhage or coronary thrombosis, dies dur- 
ing an operation, does not die of cardiac arrest. The anesthetized patient in whom the air 
passage becomes obstructed dies of suffocation or drowning, not of cardiac arrest. The child 
that is extremely cyanotic because of pulmonary stenosis and whose pulse goes down and down 
until it stops, dies of anoxia, not of cardiac arrest. The patient who gets too much of an 
anesthetic agent is poisoned and eventually the heart stops. 

After all sudden operating room deaths which are due to demonstrable causes are eliminated, 
there are a number left unaccounted for, and most of these deaths, I believe, are the result of 
an inadequate exchange of gases, or too much anesthetic agent, or a combination of the two. 

A healthy child at play or an adult with a normal heart does not suddenly drop dead of car- 
diac arrest. A normal heart fed by a sufficient stream of well-oxygenated blood and not poisoned 
by excessive drugs will not stop during any reasonable operation. 

The following rather presumptuous statement is made with hesitation but is backed by our 
experience in approximately 750 chest operations in children from age 3 days to 16 years, most 
of them with congenital heart disease: We have had but one questionable case of cardiac arrest 
and that occurred during a transventricular operation on a very cyanotic child with pure pul- 
monary stenosis. 

Now, why this good fortune? I hasten to say it is not because our surgery is any dif- 
ferent from that in a thousand other hospitals. I believe the credit should go to the department 
of anesthesia, whose constant motto is, “Adequate oxygenation and light anesthesia.” 

Those anesthesiologists whose entire consciousness has become aware of the dangers of even 
the mildest hypoxia should shout from the housetops the gospel of oxygen and more oxygen. 


When they are heard and heeded and anesthesia is kept light, as it may be in all chest operations, 


most of the cases of cardiac arrest will cease to occur. 

Dr. WARREN Cote, Chicago: Since I have had the opportunity of reading Drs. Snyder and 
Chaffin’s fine paper, I shall confine my remarks to their report. I was very much impressed 
with their findings, and I am sure they have made one or two very important contributions. 

For example, they have shown that apparently cardiac arrest is not due to the administra- 
tion of curare, since they have used curare in very few of their cases. We have heard a good 
deal about curare as an etiologic factor in cardiac arrest and arrhythmia, but this report almost 
eliminates curare as being very important in this way. 

We know about the high incidence of arrest in heart operations, and I think that is to be 
expected. You will recall that, excluding their heart operations, their incidence of arrest is 
four times commoner in the past 3 years than it was in the preceding 15 years; this increase in 
incidence is corroborated by others and is one of the features of which we must be very mindful. 

I think their incidence actually was 1 in 1,128 operations, which happens to be almost identi- 
cal to the incidence in our work at the Illinois Research Hospital. Our incidence is about 1 in 
1,200 operations. I didn’t think we had many of these cases, but when we looked up the records, 
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we found many more than expected, as is usually the case. We had 11 such cases in 13,000 
operations over a period of about four years. 

I was also intrigued with their study of the possible causes. They concluded that cardiac 
arrest could not be related to the multiplicity of agents administered, and they also concluded 
that the only difference in the anesthesia at present and that existing many years ago at their 
hospital was the use of the so-called gas machine. Perhaps there are also some other factors 
which they would admit as possible causes of cardiac arrest, but at least that is the major one 
in their experience. They have thought that perhaps the dead space in the tubing of the gas 
machine and the respiratory resistance in the tubing might be important factors. I agree that we 
must keep that point in mind in our efforts to limit the incidence. Vagovagal reflex and hypoxia 
are apparently considered by all observers to be very important etiologic factors. 

I want to call attention to a statement which Hinton and his associates have made recently, 
and I should like to ask Dr. Snyder and Dr. Chaffin to comment on it, namely, that atropine is 
very important in preventing cardiac arrest. We do know that we are replacing atropine with 
scopolamine hydrobromide to a great extent in preoperative medication, and I am wondering if 
that change has led to any increase. At least, Hinton apparently thinks that is true. 

I should like to emphasize certain points in the treatment. In the first place, we have about 
four minutes to get the circulation reestablished. During the first minute we must be sure that 
the patient has a good airway and is getting oxygen and some type of artificial respiration. That 
is largely the job of the anesthetist. 

In the second minute one must begin working on exposure of the heart, to enable one to 
carry on massage. I think all of us agree now that it is much better to expose the heart 
through the chest than to try to carry out massage through an incision in the abdominal cavity. 

If, after a few minutes of cardiac massage, we do not get spontaneous contractures of the 
heart, then the introduction of a needle into the ventricles or the actual use of epinephrine should 
be considered. As has been pointed out, if fibrillation does occur (which is comparatively rare), 
then a defibrillator will be needed. 

In closing I want to emphasize one or two other points which relate to prevention. I would 
say, to date, that the anesthetist and the surgeon are still guilty of too much delay when they find 
that the heart has stopped. It does not help the patient if the surgeon spends a minute or two 
listening to a silent heart to see if there are a few extra beats. We must start resuscitation 
immediately. The anesthetist must be aware of the importance of immediate resuscitation and 
must keep his finger or ear on the pulse continuously so that he can detect the very second, one 
might say, when the heart stops. 

Likewise, the surgeon also must be aware of that, and if he is able to see the cardiac pulsa- 
tions in his wound, then the complications of arrhythmia or arrest must automatically register 
in his mind as soon as either develops so that he will be prepared to deal with them immediately. 

If we are going to get very good results from cardiac massage we must recognize the arrest 
within the first minute. If a patient’s heart has stopped two or three minutes before one finds 
it out, one is going to have a very high incidence of deaths and, of course, a low incidence of 
recovery without cerebral damage. That has been borne out to a great extent in the figures 
Dr. Snyder revealed on survival years ago, as compared with the past few years. You will 
recall that all of their first 19 patients died, but during the past few years they have had a very 
creditable survival rate. 

Dr. WALTMAN WaAtrTeERS. Rochester, Minn.: I, too, think this is an important contribution, 
and I want to emphasize the points that Dr. Potts made in his discussion. 

I think the. most important way to treat cardiac arrest is to prevent it. One of the most 
important adjuncts to the combined work of the anesthesiologist and the surgeon is the use at the 
operating table of the electrocardiogram and, when possible, the electroencephalogram, as recom- 
mended by Drs. Bickford, Mayo, and Faulkner some two years ago. 

I cannot believe that cardiac arrest occurs, as has been emphasized by Dr. Potts, without 
some clinical evidence that it is impending, and I believe that this can be determined at an 
earlier time if an electrocardiogram is immediately available. 

The amount of time and effort and the expense that is being given to have sterilized instru- 
ments, deshocking machines, instruments for immediate thoracoplasty, and the application of the 
proper procedures to the heart, depending on the type or cause of cardiac arrest, I think, are 





728 A. M. A. ARCHIVES OF SURGERY 


helpful, but if an electrocardiographic machine is in use in the operating room, it will be even 
more helpful and more beneficial in preventing the arrest. 

I want to tell you of two cases in my experience in the last two months. Let me speak of 
these two cases by introducing the statement that in 28 years of surgery I have witnessed only 
two cases of cardiac arrest on my service. Both of these were encountered about 18 years ago. 
Both patients were having explorations of the common bile duct; both were jaundiced; both 
were receiving carbon dioxide, oxygen, and ether mixtures, and both were slightly cyanotic. In 
both instances the anesthetics were administered by an anesthetist of only a few weeks’ experi- 
ence beyond the period of training. 

About a month ago I operated on a deeply jaundiced elderly patient who had carcinoma of 
the head of the pancreas. Cholecystogastrostomy was performed as a palliative procedure. Dur- 
ing closure of the abdomen the anesthetist noted a drop in blood pressure and a decrease in pulse 
rate. There was no electrocardiographic machine attached to the patient, but a movable one, 
which Dr. Mayo has described, was brought into the operating room. The diagnosis was then 
made of ventricular fibrillation, and within a period of two minutes intravenous injections of 
procaine amide were given, and normal cardiac rhythm returned. Smaller doses were given dur- 
ing the night, and the patient recovered. 

The other patient was a man in rather poor condition, with a large perforated gastrojejunal 
ulcer. He had had coronary thrombosis three months before. During the course of the light 
general anesthesia with nitrous oxide, oxygen, and ether, a decrease in pulse rate and in blood 
pressure was noted by the same anesthetist. At that time a young physicist in the next room, who 
was observing the electrocardiographic and electroencephalographic tracings on the patient, came 
in and said, “This patient’s cardiographic response is similar to that of a patient with cardiac 
anoxia.” 

Administration of the anesthetic was stopped immediately and oxygen was given. The cardiac 
rate and blood pressure rose, but the operation was discontinued. A week later we used the 
method of intercostal block, which Bob Bartlett has spoken about, and abdominal infiltration 
with procaine hydrochloride, and I did a transabdominal splanchnic block. The gastrojejunal 
ulcer was removed and the stomach was resected. The patient had absolutely no disturbance in 
cardiac rhythm or cardiac oxygenation from this type of anesthesia. 

I think we cannot minimize the point that the essayists reported. If I remember correctly, 
they stated that in a five-year period some time ago there were nine deaths in 45,000 cases, and 
recently the number had increased to 13 deaths in 5,000 cases. I am not a mathematician, but 
this was about a 13-fold increase and it occurred in the period when the patients were getting 
these multitudinous anesthetic agents. 

No one can convince me that it is not safe to use any type of light anesthesia, provided that 
adequate oxygenation is maintained, for any patient who is able to do his or her work and get 
around. It is just as Dr. Potts said: People do not die of cardiac arrest unless we produce it. 

Dr. B. D. Stewart, Denver: In spite of the fact that we have indicated that chronic hypoxia 
seems to obliterate the vagovagal reflex, we want to make our stand clear that we are 100% for 
oxygen. We feel, however, that the patient’s physiology can be disturbed just as badly with 
inadequate ventilation as it can be with inadequate oxygen. 

Of course, many things contribute to inadequate ventilation. Obviously, there can be very 


deep anesthesia with decreased respiratory excursions. We like to see the anesthetist squeezing 
the bag and ventilating the patient. 


We made one other observation in dogs which I have not yet mentioned; when they were 
breathing a mixture rich in carbon dioxide and with adequate oxygen, the dogs were quite pink 
and appeared to be all right. However, after they had the carbon dioxide a while, the diaphragm 
began to tug violently, and the heart rate began to slow. We remembered having seen this in 
the operating room before our work in the laboratory, and we always used to tell the anesthetist 
that the patient was “too light.” However, as soon as ventilation was done and the carbon 
dioxide removed, this stopped. Subsequent to that observation we have seen it happen in the 
operating room when the lung had been down for quite a while during some procedure such as 
repair of a coarctation of the aorta. We noticed that the diaphragm was tugging and the heart 
was getting slower; when we reminded the anesthetist, he expanded the lung that was down. 
The diaphragm soon stopped tugging, and the heart rate speeded up. 
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Dr. Witttam H. Snyper Jr., Los Angeles, Calif.: In response to Dr. Cole’s inquiry about 
atropine, we made a check of all patients that had cardiac arrest in this group, and all had 


received atropine preoperatively. Whether the amount would be adequate or not would be some- 
thing that would have to be analyzed further. 

It might also be mentioned, in this connection, about its possible beneficial effect, that in the 
48 cases studied by Cooley in Blalock’s series atropine was used in conjunction, as Dr. Walters 
mentioned, with electrocardiograms, which I might say also were taken in our own cardiac cases. 

Cooley mentioned the use of atropine when the rate began to slow, as a method of preventing 
arrest on the table, as it were. This was perhaps helpful but did not result in the alleviation of 
arrest ; consequently, I don’t believe that as yet we can attribute with any finality the prevention 
of this catastrophe to the beneficial effect of atropine. 
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HIS STUDY was undertaken to determine the effectiveness of dextran, one 
of the plasma expanders, in controlling wound shock seen in battle casualties. 
During the past several years, a very extensive research program has been pur- 
sued in both military and civilian medical centers for the purpose of evaluating the 
various plasma expanders. Much of this research has been supported by the United 
States Army Surgeon General’s Research and Development Board. The results of 
the investigations are summarized by Gropper? and others in a collective review 
and will not be reported in detail. Suffice it to say that almost all investigators 
have found dextran, particularly Expandex, the product of the Commercial Sol- 
vents Corporation, to be safe and effective in the treatment of traumatic and surgical 
shock. However, most surgeons who have had experience in the treatment of fresh 
war wounds believe that there may be a difference in the response of the shock 
patient in the operating or emergency room and the casualty who is in shock as a 
result of enemy action. It was therefore considered important to observe the clinical 
response of the wounded in Korea to a plasma expander. Dextran was selected for 
study for two reasons: (1) It was the expander with which we had had the most 
experience, and (2) it appeared to us to be the most suitable of the various oncoti- 
cally active substances available at the time of the study. 
At the time of departure for Korea (under United States Army orders), we 
believed that the following information regarding Expandex was adequately estab- 


lished: 1. The reaction rate was extremely low, and there had not been any docu- 


mented report of fatalities. 2. The 6% solution in isotonic saline was effective in 
expanding the plasma volume and in maintaining this expansion for at least 24 
nicht 

Read at the Sixtieth Annual Meeting of the Western Surgical Association, Houston, Texas, 
Dec. 5, 1952. 

From the Surgical Research Unit, Brooke Army Hospital, Fort Sam Houston, Texas 
(Colonel Amspacher), and the University of Wisconsin Medical School, Madison, Wis. (Dr. 
Curreri). 

The material used was 6% dextran in isotonic sodium chloride solution, manufactured by 
the Commercial Solvents Corporation and given the trade name Expandex (Lots No. 255F4 
and 258L6). 


1. Gropper, A. L.; Raisz, L. G., and Amspacher, W. H.: Plasma Expanders: A Collective 
Review, Internat. Abstr. Surg. 95:521-542, 1952; in Surg., Gynec. & Obst., Dec. 1952. 
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hours.* 3. Approximately 50% of the solution was excreted in 24 hours without 
affecting the volume expansion. 4. The retained portion was slowly and completely 
metabolized in the body.* 5. It could be used in conjunction with whole blood or 
other solutions. 6. Dextran did not have any deleterious effect on the human body. 
7. It caused no interference with typing or cross matching. 8. An increase in total 
circulating protein occurred in the 24 hours after the administration * of dextran. 

We were cognizant of the fact that plasma had not fulfilled all expectations dur- 
ing World War II, and that there was a noticeable increase in survival rates when 
whole blood was substituted for plasma. 

However, it appeared entirely plausible to believe that the declining mortality 
rate during the later phases of World War II was not entirely the result of the use 
of whole blood. The increased knowledge of therapy of the wounded man, gained 
through the magnificent efforts of Churchill, Snyder, Beecher, Simeone, and many 
others, could not be ignored. 

It must be emphasized that we were not attempting to compare dextran with 
whole blood. 

It is obvious that there is a continuing demand for a suitable plasma expander 
in the Armed Forces, as battle conditions do not always permit whole blood to be 
stored as far forward as adequate medical treatment would dictate. A similar 
demand would exist in civilian life after an enemy attack. 

Our clinical evaluation of dextran was carried out at a Mobile Army Surgical 
Hospital which received casualties from approximately one-third of the Korean bat- 
tle front. The wounded included Americans, Koreans, Canadians, Welsh, Puerto 
Ricans, Filipinos, Dutch, and an occasional Chinese prisoner. They varied in age 
from 18 to 34 years, but the vast majority were between 19 and 23. 

Dextran was given to 60 wounded men. The patients selected for study included 
those who were in obvious shock and, in a few instances, those who had impending 
shock. However, most surgeons who have had experience in the treatment of fresh 
care taken in the selection of subjects is revealed by the fact that only 1 out of 
every 40 patients admitted to the Mobile Army Surgical Hospital received dextran. 

Initially, a natural resistance on the part of the medical officers was encountered 
in employing a plasma expander with which they were not familiar. Therefore the 
first casualties in our study received albumin, plasma, and, occasionally, blood for 
resuscitation at the battalion aid station, and both blood and dextran at the Mobile 
Army Surgical Hospital. However, as the medical officers observed the response of 
the patients to dextran, their enthusiasm mounted and their participation and coop- 
eration in the program were of the highest order. Indeed, when the dextran supply 
was exhausted there was keen disappointment, for many believed that it was super- 
ior to plasma and that it reduced the need for blood considerably. The number of 
casualties in our study who received fluid resuscitation therapy at the battalion aid 


2. DeBakey, M. E.; Haynes, B. W., Jr., and Amspacher, W. H.: Treatment of Wound 
Shock, in Symposium on Shock, Army Medical Service Graduate School, Army Medical Center, 
Washington, D. C., May, 1951. 

3. Gray, I., and Highland, G. P.: Metabolism of Plasma Expanders Studied with Carbon-14 
Labeled Dextran, to be published. Becker, D. V.: Personal communication to the authors. 

4. Gropper, A. L.: An Investigation of the Physiologic Mechanisms Relating to Plasma 
Volume Expansion by Dextran in the Dog, to be published. 
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station is shown in Table 1. It will be noted that in 32 of the casualties, therapy 
other than first-aid treatment to the wound and administration of morphine was not 
recorded. Most of these men were evacuated by helicopter and arrived at the Mobile 
Army Surgical Hospital within two to three hours after they were wounded. Fre- 
quently, it was at this point that the first clinical signs of shock were recognized. 

Twenty patients were given plasma, albumin, whole blood, or a combination of 
the three. Dextran was given in combination with blood or with one of its deriva- 
ties to three patients ; five received dextran alone. The amount administered varied 
from less than 500 cc. to as much as 2,000 cc., depending on the severity of the 
symptoms. 

On admission to the mobile Army surgical hospital, each case was evaluated in 
terms of the extent of shock and the type, number, and location of the wounds. In 
six cases an infusion of dextrose solution was sufficient, temporarily, to control the 


TABLE 1.—Fluid Resuscitation Therapy at Battalion Aid Station* 








No. of Cases 
No fluids 32 
Plasma, albumin, or whole blood 20 
Dextran and blood or its derivatives. ..............cceeeceeeceeeeees 3 


Dextran alone 5 


Total 60 
* Most of these casualties were evacuated early by helicopter (direct from the battalion aid station to 
the Mobile Army Surgical Hospital). This is evidenced by the fact that 32 patients left the battalion aid 


station before clinical signs and symptoms of wound shock indicated to the battalion surgeon the need 
for fluid therapy. 


TasL_eE 2.—Resuscitation Therapy at the Mobile Army Surgical Hospital 











Dextrose in distilled HzO 

Dextran alone 

A IR QI, on sccecniscnisvcaccsdivscveeneodseuchsvarsyaeens 
Dextran and whole blood 


Total 


shock (Table 2). In many of these patients the blood pressure was in the low level 
of the normal range. However, their skin was ash gray, and apprehension was evi- 
dent. The response of these patients to dextrose solution would support Ravdin’s 


contention * that “crystalloids carefully chosen and wisely administered might save 
lives by extending the availability of plasma and plasma extenders.” These six 
patients eventually required dextran during surgical débridement of their wounds. 

Dextran alone was given for preoperative resuscitation at the Mobile Army Sur- 
gical Hospital to 33 patients; dextran and dextrose solutions combined were given 
to 11. The latter combination was given to patients who appeared dehydrated. 
Thus, in 44 cases, dextran was the active plasma expander. Many of these patients 
had lost considerable amounts of blood as a result of the division of major arteries, 
large wounds, or avulsion of extensive segments of the body. In every instance in 
which dextran was used as the initial resuscitation therapy, the blood pressure 


5. Ravdin, I. S.: Plasma Expanders, J. A. M. A. 150:10-13 (Sept. 6) 1952. 
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promptly approached a normal level, and the pulse was of good quality. In 
many instances, the ideal procedure would have been to combine dextran with 
blood, since there had been copious blood loss, but in order to determine the value 
of dextran, blood was withheld unless the hematocrit level decreased to 20% of nor- 
mal or below. 

An excellent illustration of the type of patient who received dextran alone was 
V. H. (Chart 1), an American, who sustained multiple penetrating wounds of the 
sacrum, right iliac crest, right shoulder, arm, and wrist. There was evidence of 
retroperitoneal hemorrhage and divison of the right external iliac artery. At the 
battalion aid station, first aid, consisting of morphine sulfate, 4 grain (15 mg.), 
and 500 cc. of dextran, was administered rapidly because of the extensive blood 
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Chart 1—Operative and postoperative course of a wounded man who was maintained on 
dextran and dextrose solutions without blood or blood derivatives. 


loss and shock. The patient was flown by helicopter to the Mobile Army Surgical 
Hospital. On arrival, the bleeding appeared controlled, and his general condition 
appeared reasonably good. After an additional 500 cc. of dextran was administered, 
surgical treatment, consisting of end-to-end anastomosis of the right external iliac 
artery and wide débridement of wounds, was carried out. Bleeding was profuse dur- 
ing the operation, and the hematocrit reading at the end of the procedure was 26%. 
As shown in Chart 1, vital statistics remained satisfactory throughout the operation 
and during the immediate postoperative course. 

In another patient, F. H., the ability of dextran to maintain normal blood pres- 
sure, despite tremendous blood loss, was demonstrated, and the physician conse- 
quently had a false sense of security until the exteremely low red blood cell volume 
produced hypoxia and an almost disastrous decrease in blood pressure. Shell frag- 
ments had avulsed the entire lateral and anterior aspect of the left thigh and right 
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iliac regions, destroying the muscles and exposing the bones. Despite the adminis- 
tration of 500 cc. of plasma at the battalion aid station, the patient’s condition became 
critical. His blood pressure was 56/40, and his pulse rate was 130 and weak. He 
was extremely pale and cold, and was unconscious. Within 30 minutes he received 
1,500 cc. of dextran and 1,000 cc. of 5% dextrose in water. The pulse rate decreased 
to 120 and the blood pressure increased to 110/70. During the next half-hour the 
patient appeared stable, although he was extremely pale, and the voluminous dress- 
ings became soaked with blood. Shortly after the administration of anesthesia, the 
blood pressure began to decrease. The hematocrit reading, which was 27% on 
admission to the Mobile Army Surgical Hospital, was now 16%. He was given four 
blood transfusions as rapidly as possible; the blood pressure increased, and the 
remainder of his hospital course was uneventful. The hematocrit reading after the 
operation was 25%. 

A combination of dextran and whole blood was employed in 10 cases at the 
Mobile Army Surgical Hospital (Table 2). As might be anticipated, the response 
of the circulatory system to this combination was excellent. Early in the course of 
the study, four patients received both agents because the medical officers were uncer- 
tain of dextran. Later, however, there were six additional cases in which the ery- 
throcyte loss was so great that it was feared that unless whole blood was 
administered, irreversible organ damage would occur. One patient sustained a 
traumatic amputation of the right leg at the midthigh. He was in extreme shock 
on arrival at the Mobile Army Surgical Hospital, but after he had been given 2,000 
cc. of dextran, his blood pressure and pulse rate approached normal levels, and his 
general condition improved. The hemoglobin level was 48%, and the hematocrit 
reading was 21. An additional 500 cc. of dextran was given, and one-half hour 
later profuse bleeding from the dressings was noted. A defective pressure gauge in 
the tourniquet was the cause of bleeding. By this time the patient was in very poor 
condition. Whole blood, 3,000 cc., was given; an amputation was performed, and 
the postoperative course was uneventful. 

Dextran was the only plasma expander given to 27 patients throughout their 
entire period of observation. In Chart 1 the response of one casualty in this group 
is shown. The only drop in blood pressure often occurred early with the introduc- 
tion of anesthesia. This could be attributed to the vasodilating action brought about 
by the anesthesia. Postoperatively, it was of interest to note that the pulse rate was 
rapid and there was marked pallor in those patients who had extensive blood loss, 
and that the hematocrit levels failed to improve over a 10-day period. It is possible 
that the severe insult to the hematopoietic system inhibited the erythrocyte regenera- 
tion. Fifteen hundred to 2,000 cc. of whole blood was required to cause any appreci- 
able increase in the hemoglobin and hematocrit levels. 

In 12 other cases only a small amount of blood or its derivatives was adminis- 
tered either before admission to the Mobile Army Surgical Hospital or at the ter- 
mination of operation. In our opinion, dextran was primarily responsible for the 
expansion of the plasma volume in these casualties. This point is illustrated in 
the following cases. 


One patient, R. P., sustained shell fragment wounds of the buttocks with retroperitoneal and 
retrovesical hematomas and a bladder injury. The 200 cc. of plasma infused at the battalion aid 
station did not control the shock. The hematocrit level was 20%; hemoglobin, 40%. Postop- 
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eratively and during the operation the patient received 1,500 cc. of dextran and 1,000 cc. of 
dextrose. His blood pressure throughout this period remained at approximately. 110/60, and his 
pulse rate was 106 beats a minute. They remained stable throughout the postoperative period. 
Another American casualty, H. G., had a penetrating rifle wound of the right side of the 
neck. The bullet traversed the retroesophageal space, perforated the pharynx, and lodged on 
the opposite side, anterior to the transverse process of the third cervical vertebra. On admission 
to the Mobile Army Surgical Hospital, the patient was in a state of moderate shock, which was 
controlled by the administration of 1,000 cc. of dextran. An exploratory dissection of the neck 
was carried out; the missile was removed, and the pharyngeal defect was closed. The operation 
lasted three hours, and during this period a large amount of blood was aspirated by suction. 
Despite this loss of blood, the administration of another 1,500 cc. of dextran maintained the blood 
pressure at 110/68 and the pulse rate at approximately 108 beats a minute. At the end of the 
operation, the patient received 500 cc. of blood. In Chart 2 the course of a casualty receiving 


dextran in addition to both plasma and whole blood is shown. 
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Chart 2.—Operative and immediate postoperative course of a wounded man in whom whole 
blood therapy was augmented by the addition of plasma and dextran. Only 500 cc. of whole 
blood was required in spite of the severe blood loss. 


If any doubt exists relative to the ability of dextran to increase the blood pressure, then the 
case report of a young Korean, S. Y. G., should certainly be convincing (Chart 3). This young 
soldier was struck by shell fragments which literally tore off the left quadriceps muscle, expos- 
ing and partially dividing the femoral artery. Another large wound which involved the kidney 
was present in the lumbar area, and there was a retroperitoneal hemorrhage. The scrotum and 
one testicle were gone; the remaining testicle was exposed. When he was seen at the field 
ambulance, his pulse could not be felt, and a vein cut-down was necessary for the administration 
of 1,000 cc. of plasma. A helicopter brought him to the Mobile Army Surgical Hospital. On 


arrival, the patient was unconscious ; venous collapse was evident, and he was in deep shock. His 


prognosis appeared hopeless. One thousand cubic centimeters of dextran was given rapidly 
under pressure and the patient responded. When the administration of 1,500 cc. of dextran had 
been completed, the patient was alert and warm, but pale. The blood pressure was 126/60, and 
the pulse rate was 120 beats a minute and remained stable for approximately one hour. At this 
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time he was anesthetized in preparation for an anastomosis of the femoral artery, but shortly 
after tracheal intubation there was a precipitous drop in the blood pressure and cardiac standstill 
occurred. Postmortem examination revealed, in addition to the described wounds, a tremen- 
dously dilated stomach containing at least 3,500 to 4,000 cc. of air. Death was evidently caused 
by accidental intubation of the esophagus and the introduction of air under pressure into the 
stomach. 
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Chart 3.—Hospital course of a wounded man who was adequately resuscitated by the admin- 
istration of dextran and plasma, only to die as the result of a technical error. 


TaBLe 3—Types of Wounds Receiving Dextran Solution * 
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* The types of wounds for which dextran was given were all of the category recognized as requiring 
efficient shock therapy for survival. 

In the majority of patients who were treated with dextran, the wounds were 
caused by mines, grenades, and shell or mortar fire. These patients had multiple, 
traumatizing, shell-fragment wounds which were often complicated by fractures and 
large hematomas. Only four patients who had simple gunshot wounds received 
dextran, and in all of these the missile had injured a vital structure. In Table 3 the 
type of wounds treated are listed. 

There were no recognizable reactions, either immediate or delayed, when dex- 
tran was used alone or in combination with other fluids. In fact, in one seriously 
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wounded Korean soldier, B. D. Q., a severe generalized angioneurotic edema devel- 
oped after a transfusion of whole blood. The administration of diphenhydramine 
(Benadryl) hydrochloride, 50 mg., and 2,000 cc. of dextran maintained the patient 
throughout an uneventful operative and postoperative course (Chart 4). This point 
is siginficant since previous dextran preparations have caused allergic reactions in a 
fair percentage of cases. 

The postoperative period, in nearly all cases, was characterized by a clinical 
course which was entirely satisfactory. Stable normal blood pressures and low 
hematocrit levels indicated continued expansion of the fluid component of the blood 
volume after the administration of dextran. 
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Chart 4.—Hospital course of a patient who reacted severely to a whole blood transfusion 
and who was adequately maintained throughout an extensive surgical procedure and for four 
days thereafter by the administration of dextran and crystalloid solutions. 


All patients had an adequate daily urinary output (at least 1,000 cc.). Fre- 
quently in the first 12 hours, the urinary specific gravity was above 1.040, and in 
two instances it was 1.075 and 1.080. These high levels were the result of the renal 


excretion of the smaller dextran molecules. After 24 hours, the specific gravity of 
the urine approached normal levels. 


In none of the casualties who received dextran with or without dextrose solu- 
tion was there any evidence of albuminuria. It is interesting to note that in a number 
of patients who received whole blood or its derivatives considerable albuminuria 
was evident during the recovery phase. 

Three casualties who had received dextran died while in the Mobile Army Surgi- 
cal Hospital. Autopsies were performed in each case. In neither the gross nor the 
microscopic findings was there evidence which would incriminate dextran as the 
cause of death or as producing harmful changes in the organs or tissues. 
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CONCLUSIONS 


Dextran (Expandex) did not cause any demonstrable reaction in the 60 
wounded men to whom it was administered. It did not interfere with the cross 
matching of blood, and the plasma volume expansion, which was measured by 
hemodilution and clinical response, was entirely satisfactory. 


The urinary output was satisfactory in every case. 

Battle casualties who have mild to moderate blood loss can frequently be satis- 
factorily treated with dextran alone, while those who have a severer blood loss 
will require the addition of whole blood (and crystalloid and/or electrolyte solu- 
tions). 


Many of the severely wounded who require whole blood and extensive surgical 
treatment can be maintained during first aid and transportation to the hospital by 
the administration of dextran. 

There is no true substitute for whole blood, and, in view of this fact, it is impera- 
tive that whole blood be conserved in every way possible. Conservation of this 
precious commodity can be accomplished by using it only when the severity of the 


wound and accompanying blood loss so dictates and by augmenting it with a suitable 
plasma expander. 


Lieut. Thomas M. Cloud, Medical Corps, United States Army, took part in the study in 
Korea. 


DISCUSSION 

Dr. WitttAm A. ALTEMEIER, Cincinnati: The report by Colonel Amspacher and Dr. Curreri 
is of particular interest and importance in the search for a plasma expander suitable for stock- 
piling in national defense. The present difficulty with the increased incidence of homologous 
serum jaundice from pooled plasma has emphasized the importance of obtaining a suitable 
plasma expander for civilian, as well as for military, use. 

At the beginning of the search for and the development of such plasma expanders in the 
United States, two types of dextran were available—the Swedish type and the British type. The 
American type was subsequently developed principally through the efforts of the Commercial 
Solvents Corporation. 

Colonel Pulaski reported an incidence of anaphylactic or other types of reactions in from W 
to 50% of a limited number of Korean veterans to whom dextran was administered. From 4 
to 5% of these reactions were rather severe. With the British type of dextran administered to 
similar Korean veterans, there was an incidence of reactions in approximately 25%. 

These observations suggested that, first of all, the Korean veterans were sensitized to dex- 
tran, presumably as the result of the basic immunization procedures which they had received. 
Secondly, they suggested that the dextran itself was antigenic and that its use in civilian practice 
might produce sensitization of large masses of the population, followed by serious or severe 
reactions. 

Investigations here among the civilian hospitals soon indicated, however, that the American- 
type dextran was satisfactory in the management of shock, and that no significant reactions 
occurred in any patient who was in shock or who was under anesthesia. Only a few insignificant 
reactions occurred in normal persons. 

Dr. Amspacher’s report indicates that the American-type dextran is safe for military per- 
sonnel from the point of view of reactions and therefore represents an important link in this 
search. 

Finally, the cost of dextran at present, I believe, is approximately $7 or $8 per unit. This 
low cost is an added advantage for its stockpiling for national defense. At present the American 


industry is geared to produce between 3,000,000 and 3,500,000 units of dextran in the com- 
ing year. 
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Dr. B. W. Haynes, Jr., Houston, Texas: I arise to mention briefly our experience with 
dextran in the treatment of wounded patients in the civilian population. 

Here in Houston, Dr. DeBakey and I have had an opportunity to see approximately 40 
patients with various grades and severity of wound shock in whom an evaluation of the effec- 
tiveness of dextran was carried out. I think these studies permit certain conclusions. 

First, dextran is a safe and effective agent in the treatment of wound shock, provided that 
certain limitations are kept in mind. These are limitations which are imposed by the clinical 
situation and the essential nature of the plasma substitute. For example, if the blood loss has 
been extensive and the wounds also are extensive, if the patient is elderly or debilitated, then 
such a patient cannot be expected to respond well to a plasma substitute of any sort, without 
the use of whole blood in addition. This is true particularly if the patient has to undergo an 
extensive operative procedure and anesthesia. 

Blood volume studies in these cases indicate that approximately half the infused volume is 
retained for at least a 12-hour period, and this is sufficient, for the most part, to maintain an 
adequate circulation and perfusion of the vital structures. 

We, too, have observed no reactions to this substance in our case series, and we have used 
not only the Commercial Solvents Corporation product which Dr. Amspacher mentioned but 
the earlier Swedish product as well. There is some indication that if a patient vitally needs blood 
volume replacement, in some sense this need protects him against reaction to such substances. 

Our studies on renal function with dextran make us agree with Dr. Amspacher that for the 
most part no significant changes occur. As he has already indicated, there is some early alteration 
of the tubular function, as indicated by the ability of the tubules to transfer para-aminohippurate, 
but again this appears to be a transitory phenomenon, and we believe it is of little clinical signi- 
ficance. 

With regard to excretion of dextran, our studies indicate that approximately 20 to 50% of 
the infused volume is excreted in the urine within the first 12 to 24 hours. 

I might add, parenthetically, and in conclusion, that we have carried out similar studies with 
another plasma substitute, polyvinylpyrrolidone, in a similar case series of approximately 25 
severely wounded patients. We find that this substance also is effective in the treatment of 
wound shock and comparable in this regard to dextran. We have observed no reactions to its 
use. Measurement of glomerular filtration rate, the effective renal plasma flow, and the maximal 
tubular excretory capacity reveals no detectable kidney damage associated with its use, even in 
amounts up to 6,000 cc. within one week. 

Dr. A. R. Currert, Madison, Wis.: I think we are all in agreement, at least those of us who 
have used dextran, that it will definitely sustain blood pressure and raise plasma volume. Unfor- 
tunately, the rise in plasma volume and sustained blood pressure is likely to give a false sense 
of security to the physician. What I mean is simply the fact that with the adminstration of 
dextran the blood pressure and pulse rate may appear adequate, and suddenly the patient will 
“go bad” because the hypoxia produced by the deficiency of red blood cells has caused a central 
depression. This happened in one of our cases which Dr. Amspacher did not discuss because 
of the time limit. 

This patient had a traumatic amputation. With the administration of 2,500 cc. of dextran 
the blood pressure rose, and the hematocrit reading was 25. During the surgical procedure the 
blood pressure appeared fairly stable when suddenly there was a sharp drop. To our surprise 
the hematocrit reading at this time was 11, and 5 pt. (2.5 liters) of blood were pumped into 
this patient immediately. This therefore demonstrates that dextran is not a replacement for 


blood but is extremely helpful in an emergency. 


It should be pointed out that these solutions vary in a physical manner. The molecules vary 


in size, and this difference determines the speed with which the plasma volume is increased. 
Moroever, the amount of dextran spilling into the urine is determined by its molecular size. 
The smaller the molecule the greater its tendency to spill into the urine. The threshold level is 
considered about 35,000 molecular weight. 
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If we keep this in mind, then molecules in the region of 1,000 will sustain blood pressure 
for a long period of time, while those of a lower molecular weight will raise the blood pressure 
more rapidly but will not sustain it as long. 

Relative to kidney damage, the urine specimen did not demonstrate albuminuria when dex- 
tran was administered. On the other hand, those patients receiving plasma or blood showed 
albuminuria on many occasions. 


Dr. WiLLt1AM AMSPACHER, San Antonio, Texas: I should like to add only one point: We 
have gone into the question of sensitization very thoroughly. We have consulted with the best 
immunologists and immunochemists we could find and have carried out reinfusion studies on a 
large series of patients, some of whom had had initial reactions. Strangely enough—and we are 
not prepared to explain it at the moment—there were fewer reactions in the repeat series than 
there were in the initial series. In none of these patients had any demonstrable sensitivity 
developed. 





ACUTE ABDOMINAL EMERGENCIES IN INFANCY AND 
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HE RELATIVE infrequency of acute surgical emergencies of the abdomen 
in very young children is not generally appreciated by surgeons or by pedi- 
atricians. A recent review of the records of the John Gaston Hospital (teaching 
hospital of the University of Tennessee College of Medicine) revealed only 158 
children 5 years of age or under admitted to the hospital with acute abdominal 
conditions of a surgical nature in the 10-year period from 1942 through 1951. 
During this period there were 22,430 patients admitted to the surgical service of 
the hospital and 18,747 to the pediatric service. The total number of hospital 
adinissions for this period was 188,375. 
An analysis of the above series of 158 cases affords a great deal of interesting 
information which is considered to be of sufficient general interest to warrant its 


presentation in some detail. In most instances the cases included in this study were 
considered extremely acute emergencies, but it will be noted that a less strict use 


of the term emergency has allowed inclusion of subacute conditions, which certainly 
should not be classed as elective, at times. The surgical conditions included in this 
series are listed in Table 1. 

Numerous papers have been published concerning each of the above conditions, 
and detailed discussions of the clinical features of each have been written. The 
majority of these papers, however, have come from the surgical services of children’s 
hospitals where such lesions might be expected to be fairly frequent, and little 
attention has been given to the infrequency and importance of these emergencies in 
the general surgical service. 


ACUTE APPENDICITIS 

There were 16 cases of acute appendicitis in this series (Table 2). It is sig- 
nificant that four of the patients were in the first 2 years of life. Snyder and Chaffin ' 
state that acute appendicitis occurring during the first 2 years of life is truly rare. 
They were able to add 21 cases to the 447 cases which they found reported in the 
<a 

From the Department of Surgery, University of Tennessee College of Medicine. 

Read at the Sixtieth Annual Meeting of the Western Surgical Association, Houston, 
Texas, Dec. 5, 1952. 

1. Snyder, W. H., Jr., and Chaffin, L.: Appendicitis During First Two Years of Life: 
Report of 21 Cases and a Review of 447 Cases from the Literature, A. M. A. Arch. Surg. 
64:549 (May) 1952. 
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literature. Benson and his associates,” in 1952, also reported a series of 39 cases 
of acute appendicitis in children 2 years of age or younger seen in a 15-year period 
a the Children’s Hospital of Michigan and in their private service at Harper 
Hospital. 

It is beyond the scope of this paper to give a detailed discussion of the clinical 
features of acute appendicitis in young children, but it is worthy of mention that the 
symptoms are often atypical in infants and young children, and the diagnosis may 
be difficult. McLanahan * has emphasized the principle that in children, abdominal 
pain, vomiting, and slight fever should always be considered as due to appendicitis 


TABLE 1.—Abdominal Emergencies in Infancy and in Early Childhood 
John Gaston Hospital, 1942 to 1951 


No. of Cases 
Acute appendicitis 16 
Intussusception 
Hypertrophic pyloric stenosis 
Strangulated hernias 
Omphalocele 
Adhesive intestinal obstruction 
Malrotation of colon 
Imperforate anus 
Annular pancreas 
Traumatic diaphragmatic hernia 
DR OE IE QO iin oi n0 oto canhinh Ccdaat vied’ taderbinkdoneneds tens teieds 


Condition 
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TABLE 2.—Clinical Data in Sixteen Cases of Acute Appendicitis 


Sex No. Race 
5 mo } Colored 
8mo.. j White 
>. ae 


Total 


Duration of Symptoms: 3 hours to 7 days. Average duration 40 brs. 

Predominant Symptoms: Abdominal pain, vomiting and fever. 

Physical Signs: Right lower quadrant tenderness most constant. 

Laboratory: Leukocyte counts ranging from 7,200 to 23,350 with average of 14,792. 
No perforated appendices and no deaths in 16 cases. 

Treatment: Appendectomy. 


until proved otherwise, and he also stresses the value of repeated examinations of 
young children at short intervals. Small children often show considerable change 
from hour to hour, and the patient in question may show definite signs of acute 
appendicitis, or he may be entirely symptom-free, two hours from the time of his 
initial examination. If the diagnosis remains in question, it is far better to remove 
the appendix and eliminate the possible danger of a perforated appendix. 

An unusual feature of our series of 16 cases is the fact that there was no mortality, 
especially when we consider the economic and social status of these patients, all of 
whom were in a charity service. In Benson’s report of 39 cases the mortality rate 
oneness 

2. Benson, C. D.; Coury, J. J., Jr., and Hagge, D. R.: Acute Appendicitis in Infants: 
Fourteen-Year Study, A. M. A. Arch. Surg. 64:561 (May) 1952. 

3. McLanahan, S.: Further Reductions in the Mortality in Acute Appendicitis in Children, 
Ann. Surg. 131:853 (June) 1950. 
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was 15.3%, but the 6 deaths in the series occurred in the first 5 years of the report, 
and there was no death among 29 consecutive cases during the 10-year period from 
1941 to 1951. Snyder and Chaffin ' found that in 71% of all cases of acute appendi- 
citis in which the patients were under 2 years of age, reported in the literature, 
perforation, peritonitis, or abscess had developed by the time the diagnosis was 
made. These observers also found an over-all mortality of 29% in the literature, 
and in their series of 21 cases the mortality was 19%. 


INTUSSUSCEPTION 
There were 42 cases of intussusception in this series (Table 3). Intussusception 
is the most frequent and the most important acute abdominal emergency encountered 
in infants from 3 to 11 months of age.* In the present series, 36 of the 42 patients 
were in this age group. 
The cardinal symptoms of intussusception are colicky abdominal pain, vomiting, 
passage of mucus and blood in stools, and a palpable abdominal tumor. In the 


TABLE 3.—Clinical Data in Forty-Two Cases of Intussusception 


Age: 2mo. to3yr., Sex: male 29 Race: Negro 
with 36 from female : white....... 
3 to 11 mo. " 
Duration of symptoms: 2 hr. to 7 days; average, 40.7 hr. 
Symptoms: crying, 28; vomiting, 30; anorexia, 10; fever, 9; restlessness, 8; leth- 
argy, 5; abdominal pain, 3 


Physical signs: palpable mass, 26 (61.9%); more often in left lower quadrant; 
well nourished, 22; soft nontender abdomen, 20; distended abdomen, 7; dehy- 
dration, 10; shock, 2 

X-rays: Barium enema showed intussusception in 10 

Laboratory: Leucocyte count 9,150 to 30,300; average, 16,885 

Surgery: 39 of 42 cases with operation (reduction); in 3 cases resection gangre- 
nous bowel 

Mortality: 2 postoperative deaths (operative mortality 5.13%); gangrenous 
bowel resected in both; 3 died without operation; diagnosis at autopsy 
(total mortality 11.9%) 


present series the classic symptoms were noted in the majority of cases, except for 
the fact that pain was recorded as a symptom in only 3 of the 42 cases. The pain 
was no doubt present in most, if not all, of the patients for whom such symptoms as 
crying or restlessness were recorded. 

There were two cases of unusual interest in our series. A 9-month-old Negro 
boy was operated upon and an intussusception reduced. His postoperative course 
was complicated by a septic fever, which proved to be due to typhoid. An 
8-month-old Negro boy, previously reported upon by Dunavant and Wilson,* had an 
intussusception in which the appendix and cecum were protruding from the anal 
canal. The intussusception was reduced, but the appendix remained inverted and was 
treated by ligating the mesoappendix and placing a purse-string suture around the 
base of the appendix. 


There were 5 deaths in this series of 42 cases, a total mortality of 11.9%. Two 
patients died postoperatively, an operative mortality of 5.13%. In both these patients 


a 


4. Ferrer, J. M., Jr.: Symposium on Surgical Emergencies: Intussusception in Children 
and Adults; Critical Review with Addition of 38 New Cases, S. Clin. North America 30:515 
(April) 1950. 

5. Dunavant, D., and Wilson, H.: Intussusception of the Appendix with Complete In- 
version of the Appendix and Protrusion from the Anus, Ann. Surg. 135:287 (Feb.) 1952. 
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it was necessary to resect gangrenous bowel at operation. In the three patients who 
were not operated upon the diagnosis was made at autopsy. Snyder, Kraus, and 
Chaffin * reported 7 deaths in a series of 143 cases of intussusception, a mortality 
of 4.8% ; of 125 cases in which operation was performed in their series there were 
5 deaths, a mortality of 4%. 

We have had no experience with the nonoperative treatment of intussusception, 
and, while good results are reported by some, this method probably should not be 
used by the average surgeon. According to Moore,’ doubt exists concerning the 
success of nonoperative reduction in from 40 to 60% of cases with treatment by 
skilled and experienced investigators, and with less skilled workers the percentage 
of indecisive results will be higher. This author further emphasizes that operative 
reduction is both a safe and sure method of treatment. 


HYPERTROPHIC PYLORIC STENOSIS 


There were 23 cases of congenital hypertrophic pyloric stenosis in this series 
(Table 4+). One patient was 3 years of age, and the diagnosis in this case was made 


TABLE 4.—Clinical Data in Twenty-Three Cases of Congenital Pyloric Stenosis 








Age: 3 days to 3 yr. Sex: male 29 Race: Negro 
average, 4.97 wk. female 
Duration of symptoms: 1 day to 8 wk.; average, 15.4 days 
Symptoms: vomiting, 23; projectile vomiting, 12; constipation, 13; failure to 
gain weight, 13; fever, 3 
Physical signs: Dehydration, 17; mass in right upper quadrant of abdomen, 11; 
? mass in right upper quadrant, 2; visible peristalsis, 8; temperature from 


x 


95 to 103 F.; average, 99.4 F 
X-rays: typical of pyloric stenosis, 9; suggestive of pyloric stenosis, 2; gastric 
retention, 7 
Leucocyte count: 6,400 to 23,150; average, 12,777 
Treatment: 22 cases with operation (Ramstedt pyloromyotomy) 
Deaths: 2 postoperative (9.09%); no operation, 1 


at autopsy. This probably was not a true congenital hypertrophic pyloric stenosis, 
and the case might better be omitted from the study. 

Ladd and Gross ®* state that four-fifths of the patients with pyloric stenosis are 
males. In the present series 22 of the 23 patients (95.65%) were males. Person ® 
found no particular racial incidence in his patients, reporting 3 Negro infants among 
110 patients. In the 23 cases here included there were 14 Negro males, 1 Negro 
female, and 8 white males. 

The symptoms and signs were not unusual in this series of patients. Vomiting, 
failure to gain weight, dehydration, and the presence of a right upper quadrant mass 
were the outstanding findings. A series of x-rays of the upper gastrointestinal tract 
were helpful in making the diagnosis in most of the cases. 

6. Snyder, W. H., Jr.; Kraus, A. R., and Chaffin, L.: Intussusception in Infants and 
Children: Report of 143 Consecutive Cases, Ann. Surg. 130:200 (Aug.) 1949. 

7. Moore, T. C.: The Management of Intussusception in Infants and Children: Report of 
43 Cases, Ann. Surg. 135:184 (Feb.) 1952. 

8. Ladd, W. E., and Gross, R. E.: Abdominal Surgery of Infancy and Childhood, Phila- 
delphia, W. B. Saunders Company, 1941. 

9. Person, E. C.: Symposium on Surgical Emergencies: Congenital Hypertrophic Pyloric 
Stenosis, S. Clin. North America 30:520 (April) 1950. 
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Operation was performed, a Ramstedt pyloromyotomy being done, in 22 of the 
23 cases. Two patients died postoperatively, a mortality rate of 9.09%. Person ® 
reported 5 deaths in 110 cases, a mortality of 4.5%, but he indicated that he had 
only 1 death in his last 72 cases, 1939 to 1949. Ladd and Gross * indicate that there 
are several published series in which the mortality has been reduced to 1 or 2%. 


IRREDUCIBLE HERNIAS 


There were 47 patients with irreducible hernias in this series; 44 patients had 
inguinal and 3 umbilical hernias (Table 5). There was nothing particularly unusual 
about the symptoms in this group of patients. The majority exhibited an obvious 
hernia with associated vomiting, abdominal pain, and fretfulness. These patients were 
all treated surgically. Ferguson repairs were done in the majority of cases. Bassini 
repairs were performed in four cases and Andrews operations in four cases. The 
type of repair was not recorded in four cases, probably due to the fact that only an 
anatomical reconstruction was performed. 

Most surgeons are agreed that the irreducible hernia should be operated upon as 
soon as the diagnosis is made. We are in accord with the opinion of Larsen '° who 


TABLE 5.—Clinical Data on Forty-Seven Patients with Irreducible Hernias 








Type: inguinal Age: 2 wk. to 5 yr. 
umbilical : average, 14.89 mo. 
Sex: male 41 (89.1%) 45 (97.8%) 
female 5 (10.9%) y 1 (2.2%) 
Duration: known duration of hernia 2 hr. to 2% yr.; symptoms of strangula- 
tion 2 hr. to 3% days; average, 17.06 hr. 
Symptoms: vomiting, abdominal pain, fretfulness, abdominal distention, dehy- 
dration, and serotal mass 
Treatment: surgical, Ferguson repair in majority; Bassini, 4; Andrews, 4; not 
recorded, 4 
Mortality: 1 death postoperatively (2.13%) 





regards incarcerated hernias as extreme emergencies and is unalterably opposed to 
the preliminary packing period and attempts at reduction of these hernias. Larsen 
also calls attention to the policy of the surgical staff of the Vanderbilt University 
School of Medicine who recommend herniorrhaphy for all inguinal hernias in 


infants and young children as soon as the diagnosis is made, regardless of age. 
INTESTINAL OBSTRUCTION DUE TO ADHESIONS 


There were four cases of intestinal obstruction due to adhesions (Table 6). 
There was nothing particularly unusual about these cases. One death occurred in 
a 21-month-old baby following resection of a portion of the jejunum. The mortality 
of 25% is not considered too significant because of the small number of cases. 


MALROTATION OF COLON 


There were three cases of malrotation of the colon in this series (Table 7). 
Sawyer and Marvin" state that malrotation of the intestines is not rare but that 
cases in which it is of sufficient degree to produce obstruction of the bowel are 
infrequent. They point out that the literature contains over 200 reports of such cases. 


10. Larsen, R. M.: Inguinal Hernia in Infancy and Early Childhood, Surgery 25:307 
(Feb.) 1949. 

11. Sawyer, K. C., and Marvin, H. P.: Intestinal Obstruction in Infants and Children, 
A. M. A. Arch. Surg. 62:1 (Jan.) 1951. 
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The symptoms in the present three cases were as would be expected with 
obstruction, persistent vomiting being the main complaint, and the x-rays were 
diagnostic. It is questionable whether or not a true annular pancreas was present 
in conjunction with the malrotation of the colon in the third case. 


The mortality rate in the three cases was 66.6%. Many observers report very 
high mortality rates, but Ladd,’* using his special operative technique, was able to 
reduce his mortality to 25%. 


TRAUMATIC DIAPHRAGMATIC HERNIA 


There was one case of traumatic rupture of the diaphragm. A 3-year-old Negro 
boy was struck by an automobile one and one-half hours prior to admission to the 
hospital. He complained of abdominal pain. Physical examination revealed dullness 


TABLE 6.—Clinical Data on Four Cases of Adhesive Intestinal Obstruction 


Age: 21 mo. Sex: male § Race: all 4 Negro 
9 mo. female 
1 sr. 
18 mo. 


Symptoms: typical of obstruction with abdominal pain, vomiting, constipa- 
tion, and distention; fever and dehydration 

X-rays: small bowel obstruction in 2 cases 

Leucocyte count: 5,600 to 20,800; average, 12,833 

Previous operations: in all 4 cases 

Treatment: laparotomy in all 4 cases; in 2 iysis of adhesions only, in 2 cases 
resection of gangrenous bowel 

Mortality: 1 death (25%; resection) 


TaBLE 7.—Clinical Data in Three Cases of Malrotation of Colon 


Age: 1 mo. Sex: 
2 newborn 

Symptoms: vomiting since birth, failure to gain weight 

X-rays: positive diagnosis in 2 of 3 cases; in third case x-rays revealed mark- 
edly dilated stomach with no iodized oil entering duodenum 

Leucocyte count: 11,600 in 1 case 

Operations: 1st case, peritoneal band from cecum across duodenum cut; 2d 
case, (1) cecum released and duodenal adhesions separated, (2) resection of 
gangrenous terminal ileum, cecum, and ascending colon due to adhesive 
band; 3d case, (1) lysis of adhesion across duodenum and reduction of 
internal hernia, (2) duodenojejunostomy around annular pancreas 


Mortality: 2 deaths (66.6%) 


and absent breath sounds over the right lower side of the chest, and peristaltic 
sounds were heard over the right portion of the chest. X-rays showed compression 
of the right lung and a shift of the mediastinum to the left. The radiologist’s diagnosis 
was rupture of the right leaf of the diaphragm. Operation revealed a large rent in 
the right diaphragm with herniation of the liver and part of the colon and small 
bowel into the right pleural cavity. The diaphragm was repaired and the right 
phrenic nerve crushed. Recovery was uneventful and the patient was discharged in 
good condition. 

This is an unusual condition and is rarely seen in infancy and early childhood. 
Watson ** cites the work of Keene and Copleman, who reviewed the literature in 
1945 and found only 5% of traumatic diaphragmatic hernia in the right hemi- 
diaphragm. 


12. Ladd, cited in Urgent Surgery, edited by J. L. Spivack, Springfield, Charles C Thomas, 
Publisher, 1946, Vol. 1, p. 591. 
13. Watson, L. F.: Hernia, St. Louis, C. V. Mosby Company, 1948, p. 408. 
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ANNULAR PANCREAS 


This series includes one case with a definite diagnosis of annular pancreas. 
Since this study was completed, two other patients with annular pancreas have been 
treated at the John Gaston Hospital. These cases will be reported in detail in an 
article published by Wilson and Bushart.** 


The patient here included was a 2-week-old Negro boy. The history was that of 
persistent vomiting after meals since the child was 5 days of age. He had had only 
two stools in the five days prior to admission. The only significant finding on physical 
examination was the weight of 6 lb. 4 oz. (2,841.5 gm.), as compared with the birth 
weight of 7 Ib. 13 oz. (3,565.1 gm.). There were no palpable abdominal masses and 
no distention. X-ray examination showed marked delay in emptying time of the 
stomach, hyperactive peristalsis, and nonvisualization of the duodenum. The radi- 
ologist’s diagnosis was hypertrophic pyloric stenosis. Laparotomy revealed an 
annular pancreas with obstruction of the second part of the duodenum and dilatation 
of the proximal duodenum. A posterior gastrojejunostomy was performed. The 
postoperative course was good, and the patient weighed 8 Ib. 3.5 oz. (3,733.7 gm.) 
when discharged on the 35th postoperative day. 


Annular pancreas is reportedly a rare anatomical entity ; however, the lesion is 
probably more frequent than is generally thought, and thorough examinations at 
operation and autopsy may reveal increasing frequency of this condition. In 1951 
Payne *® summarized 17 cases of annular pancreas with surgical treatment which 
he found reported in the literature and added 1 case of his own. 


The pathological anatomy of annular pancreas consists of a band of pancreatic 


tissue springing from the head of the pancreas and completely encircling the duo- 
denum. This produces varying degrees of obstruction of the duodenum, with result- 
ing dilatation. 


The clinical findings of annular pancreas are those of duodenal obstruction with 
epigastric pain, nausea, and vomiting. The preoperative diagnosis has not often been 
made in the cases reported to date, and in the case herein reported the diagnosis 
was not entertained prior to operation. However, the diagnosis was made by the 
radiologist before operation in both cases in which operation was performed at the 
John Gaston Hospital since the present study was completed, and Dr. David S. 
Carroll, Chief of the Radiological Service, is of the opinion that the roentgenogram 
is diagnostic of this lesion. 

The most generally accepted treatment for annular pancreas is some type of 
bypassing procedure, and a duodenojejunostomy is considered preferable. Direct 
surgical attack on the obstructing ring of pancreatic tissue has been advocated and 
tried but has been unsatisfactory. The chief objections to this approach are the 
danger of pancreatic fistula and the fact that even after resection of the ring 
duodenal obstruction may not be relieved because of intrinsic scar tissue in the 
duodenal wall.'® 


14. Wilson, H., and Bushart, J. H.: Personal communication to the authors. 
15. Payne, R. L., Jr.: Annular Pancreas, Ann. Surg. 183:754 (June) 1951. 


16. Gross, R. E., and Chisholm, T. C.: Annular Pancreas Producing Duodenal Obstruc- 
tion: Report of a Successfully Treated Case, Ann. Surg. 119:759 (May) 1944. 
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OM PHALOCELE 


There were 10 omphaloceles in this series of cases (Table 8). The diagnosis 
is obvious in these cases, and only the treatment need be further discussed. In the 
smaller omphaloceles it may be possible to repair the abdominal-wall defect in layers. 
The larger ones, however, are best repaired in two stages, as described by Gross,’’ 
since this averts the untoward effects of high intra-abdominal pressure resulting 
from crowding the viscera back into the abdominal cavity in the one-stage layer 
closure and will undoubtedly lead to marked reductions in the mortality rate for 
surgical repair of the largest omphaloceles. In the present small series, three patients 
had first-stage repairs and two died postoperatively. It is felt that the one patient 


TABLE 8.—Clinical Data in Ten Cases of Omphalocele 








Age: Operated on in first 24 hr... 
Operated on in first 27 hr 
Operated on in first 10 da 


Symptoms and signs: bulging mass at umbilicus and obvious diagnosis from 
birth; no respiratory embarrassment or intestinal obstruction 


Treatment: all treated surgically; closure in layers, 6 cases; first-stage repairs, 
3 cases; type repair not recorded, 1 case 


Mortality: 4 deaths (40%) 





TABLE 9.—Clinical Data in Eight Cases of Imperforate Anus 








Age: newborn Sex: male i Race: all Negro 
female 


Symptoms and signs: passage of no meconium, 5; passage of meconium through 
vagina, 2; passage of meconium through urethra, 1; vomiting, 3; abdominal 
distention, 5; dimple at site of anus, 3; rectovaginal fistula, 2 


X-rays: showed gas bubble 
Diagnosis: not difficult in any case 


Treatment: all 8 operated upon; construction of anal canal, 5; colostomy under 
local anesthesia, 1; incision of membrane and dilatation of sphincter, 1; 
suture of skin and mucosa and excision and closure of rectovaginal fistula, 1 


Mortality: 3 deaths (37.5%) 





who survived was saved by using the method of Gross ‘* instead of a layer closure. 
The total mortality here was 40%. In a series of 20 cases reported by Ladd and 
Gross * there were 10 deaths and 10 survivals. 


IMPERFORATE ANUS 


There were eight cases of imperforate anus in the series (Table 9). The symp- 
toms and signs in these cases were not unusual and the diagnosis not difficult. 
With one exception the malformation was treated by a perineal operative approach, 
which is in agreement with Bacon’s '* opinion that all anal anomalies may usually 
be corrected by perineal operative procedures. There were three deaths in this group 
of eight cases, a mortality of 37.5%. Brenner '*® reported a mortality of 25% in his 


17. Gross, R. E.: A New Method for Surgical Treatment of Large Omphaloceles, Surgery 
24:277 (Aug.) 1948. 

18. Bacon, H. F., and Sherman, L. F.: Surgical Management of Congenital Malformations 
of the Anus and Rectum: Report of 111 Cases, A. M. A. Arch. Surg. 64:331 (March) 1952. 

19. Cited by Bacon and Sherman.!8 
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series in 1915, and this figure is still an average one in these cases. The most 
interesting point concerning this series was the incidence of associated anomalies. 
There were associated fistulas in four cases—two rectovaginal, one rectovesical, and 
one rectoureteral fistula. The three patients who died all had multiple associated 
anomalies. One had congenital stenosis of both ureters with hydroureter and hydro- 
nephrosis and rectovesical fistula. Another had a patent septum membranaceum, 
anatomically patent foramen ovali, pulmonary stenosis, persistent cloaca, congenital 
atresia of the upper one-third of the esophagus, tracheoesophageal fistula, Meckel’s 
diverticulum, and rudimentary left thumb. The third had a tracheoesophageal fistula, 
patent foramen ovale, and patent ductus arteriosus. Bacon '* found associated 
anomalies in 29% of 111 patients with anorectal anomalies. 


ATRESIA OF BILE DUCTS 


There were three patients with atresia of the bile ducts in the series (Table 10). 
All three patients were operated upon, since our opinion coincides with that of 
Lanman,”° who feels that all infants with congenital stenosis of the bile ducts should 
be given the benefit of exploration even though only 20% or less will be found to 
have a condition that can be remedied by surgery. In two of the cases operation 


TABLE 10.—Clinical Data on Three Cases of Atresia of Bile Ducts 








Age: 6wk....... 1 Sex: male Race: all Negro 
7 wk 1 female.... 2 
CWeccsse 2 
Symptoms and signs: jaundice; clay-colored stools; dark urine; failure to gain 
weight; poorly developed and nourished; 2 had enlarged livers 
Treatment: laparotomy; attempted Longmire procedure, 1; cholecystojejunos- 
tomy, 1 
Mortality: 2 deaths (66.6%) 





was not beneficial, and death followed. A Longmire *' procedure was contemplated 
in one of these patients but was abandoned wher no bile duct could be found upon 
section of the left lobe of the liver. In the third case a successful cholecystojeju- 
nostomy was performed when congenital atresia of the distal common duct was 
found. 

SUMMARY 


The infrequency and importance of acute abdominal emergencies in infancy and 
early childhood is emphasized by this report of 158 cases encountered in children 
5 years of age and under at the John Gaston Hospital from 1942 through 1951. 


An analysis of this series of cases is presented, and pertinent literature concerning 


the various emergencies is reviewed. 


DISCUSSION 
Dr. Ciirrorp D. Benson, Detroit: Dr. Gillespie’s statement that acute surgical emergen- 
cies of the abdomen in infants and young children are infrequent compared with the total 
admissions in the average general hospital is generally true. To those of us who have a 
particular interest in pediatric surgery, many of the common lesions of infancy which he has 


20. Lanman, T. H.: Congenital Obstruction of the Bile Ducts, Editorial, Surg., Gynec. & 
Obst. 87:108 (July) 1948. 


21. Longmire, W. P., Jr., and Sanford, M. C.: Intrahepatic Cholangiojejunostomy with 
Partial Hepatectomy for Biliary Obstruction, Surgery 24:264 (Aug.) 1948. 
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discussed are seen more frequently. For this discussion I wish to limit my remarks to a few 
of the problems mentioned. 

In our own private service at Harper Hospital and in Children’s Hospital of Michigan 
during the past six years, 43 patients with acute intussusceptions have been treated. In six 
the intussusception was reduced by barium enema. Two patients were operated on because 
we were not certain of the reduction, and two required surgical reduction because of an ileo- 
ileo intussusception in addition to the ileocolic intussusception that had been reduced by barium 
enema. Of the remaining 37 patients, surgical reduction was accomplished in 30. The other 
seven in whom resection and primary anastomosis was accomplished had irreducible or gan- 
grenous intussusceptions. There was 1 death in the entire group of 43 patients, that of one 
of the patients with resection. We believe that proximal decompression by suction of the 
proximal loop of fluid and gas has been a factor in allowing us to practice resection and 
immediate anastomosis instead of the exteriorizing procedure which generally has a higher 
mortality rate. 

In 1948 Dr. Howard Gray reviewed the literature and from personal communications 
found that only 19 patients, including 2 of his own, infants who had congenital biliary atresia, 
were successfully treated by anastomotic procedures of a stump of duct or gall bladder to 
the gastrointestinal tract. 

Unfortunately, in the number of babies explored because of atresia of the bowel ducts, the 
number who have structures for anastomosis is small. The Longmire procedure, which is 
applicable to adults with extrahepatic obliteration of the ducts from injury or disease, is not 
applicable to the newborn or infant. In the adult there is patency and dilatation of the intra- 
hepatic ducts due to extrahepatic obstruction, but this is not true in the infants. In the last 
two infants whom we explored because of atresia of the bile ducts, no dilated ducts were 
found. Both of these infants died six and nine months later, and on postmortem examination 
the liver was sectioned and no dilated intrahepatic ducts were found, thus confirming our 
impression that the Longmire procedure was futile in the newborn or infants. This has been 
observed by others. 


[Slide] The following case is of interest because at exploration a bleb of extrahepatic duct 
was found at the hilus of the liver that was too small for anastomosis. This bleb was aspirated 
three times. Two drops of bile were obtained. 

[Slide] In the intervening few weeks a large pseudo bile cyst formed, and an anastomosis of 
the jejunum to the pseudo bile cyst was accomplished. This infant is now 4 years old and in 
perfect health. 


[Slide] In exploring infants because of obstructive jaundice we have had three infants who 
have had apparent mucobile plugs obstructing the common bile duct. These plugs were washed 
through with saline irrigations. 

[Slide] A cholangiogram with ethyl iodophenylundecylate (Pantopaque) at the time of opera- 
tion can be easily done, and the patency and presence of ducts can be established. This is impor- 
tant because at operation it is occasionally difficult to be sure one has complete patency by saline 
instillation, and, furthermore, one does not do a great deal of dissecting trying to find the 
small ducts, which may be traumatic and might lead to injury or later fibrosis of the normal 
small ducts present. 

The mortality of all operative procedures in the newborn and infant has shown a pro- 
gressively lower rate in recent years, and I believe the following factors have been responsible : 
(1) earlier diagnosis; (2) a better understanding of preoperative and postoperative fluid re- 
quirements of these patients; (3) a competent and interested pediatric house staff, and (4) im- 
proved anesthesia. 

Dr. Gillespie is to be commended for the selection of this subject for presentation before 
this Association. While the pediatric surgeon encounters these lesions rather frequently, all 
surgeons in general hospitals will sooner or later encounter these problems and should be pre- 
pared to meet the situation. 


Dr. WiLt1aAmM H. Snyper, Jr., Los Angeles: By this study, Drs. Gillespie and Moore 
have brought out the following important points: 1. Only 1 patient in over 1,000 admitted to 
a general hospital with an acute abdominal condition was a child under 5 years of age. 2. The 
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four major causes of the acute condition in this age group were irreducible hernia; intussuscep- 
tion, pyloric stenosis, and appendicitis. 3. Absence of cases of Meckel’s diverticula, retroperitoneal 
tumors, ruptured spleen or viscus, and meconium ileus, seems unusual, and perhaps Dr. Gillespie 
will comment on this. 4. There was an over-all mortality of 13% in the entire group. 5. A 100% 
survival in all cases of appendicitis is a very creditable feature of this work. It would also be 
hard to improve on the results recorded in the treatment of irreducible hernia, 1 death in 
40 cases. 


As a final remark, let me compliment the authors on this analysis and urge that they make 
a similar study 10 years hence for a reevaluation of the progress made in this most important 
field, the acute abdominal condition in infancy and childhood. 


Dr. CLaReENcE E. GILLEspiE, Memphis: In answer to Dr. Snyder’s question about 
Meckel’s diverticulitis, ruptured spleens, and the other conditions which he mentioned, I can- 
not state exactly why we did not find them, but we looked carefully through our records and 
found none. We thought on one occasion that we had found a case of Meckel’s diverticulitis, 
but we discovered that the child was 7 years of age, which was out of the age group which 
we were studying. 

To comment a little further on the Longmire procedure, which we tried on this patient, 
it has been tried twice at the John Gaston Hospital, and we have also concluded that it is 
worthless in this type of case. 





MESENTERIC VASCULAR OCCLUSION 
Report of Five Successful Resections 
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ESPITE the rarity of its occurrence, mesenteric vascular occlusion with 


resultant infarction has stimulated interest among surgeons for many years. 


Elliot,’ in 1895, recorded the first case of mesenteric vascular occlusion for which 
the intestine was resected successfully. Since this report there have been about 
212 successful resections recorded.? Klein (1921),* Ficarra (1944), McClenahan 
and Fisher (1948), and Strohl and Lasner (1950) collected and reported successful 
resections ; however, it would appear from our investigations that their reports 
are incomplete. Perusal of the literature suggests that occasional cases have been 
recorded more than once. Although we have listed these duplications in our 
bibliography, they were not tabulated twice to arrive at our total number of success- 
ful resections. We did refer to the successful intestinal resections performed for 
rupture of mesenteric vessels—so-called abdominal apoplexy (Nana and Mircioiu, 
1941; Ross, 1950). Occlusions of the mesenteric vessels secondary to adhesive 
bands or volvulus were not included. 

Tiedeman,‘ in 1843, is generally credited with observing and reporting the first 
known case. Virchow,® in 1847 and in 1854, described the salient pathological 
features. Excellent collective reviews have been presented by Jackson, Porter, and 
Quimby (214 cases) in 1904, Trotter ** (360 cases) in 1913, Loop (500 cases) 
in 1921, and Brown *” (772 cases) in 1940. 


Read at the Sixtieth Annual Meeting of the Western Surgical Association, Houston, Texas, 
Dec. 5, 1952. 

From the Surgical Service of New York Medical College, Flower and Fifth Avenue Hos- 
pitals, and the Metropolitan Hospital. 

1. Elliot, J. W.: The Operative Relief of Gangrene of the Intestine Due to Occlusion of 
the Mesenteric Vessels, Ann. Surg. 21:9, 1895. 

2. Reports of these cases have been combined into a bibliography, appearing at the end of 
the article. Authors of these reports are subsequently referred to in the text by name and date, 
without a footnote number. 

3. Klein, E.: Embolism and Thrombosis of the Superior Mesenteric Artery, Surg., Gynec. 
& Obst. 33:385, 1921. 

4. Tiedeman, F.: Von der Verengerung ans Schliessung der Pulsadern in Krankheiten, 
Leipzig, K. Gross, 1843. 

5. Virchow, R.: Uber die akute Entziindung der Arterien, Arch. path. Anat. 1:272, 1847; 
Verstopfung der Gekrosarterie durch einen ungewanderten Propf, Verhandl. deutsche phys. 
med. Gesellsch. 4:341, 1854. 

5a. Trotter, L. B. C.: Embolism and Thrombosis of Mesenteric Vessels, London, Cam- 
bridge University Press, 1913. 

5b. Brown, M. J.: Mesenteric Venous Occlusion: A Clinical Entity, Am. J. Surg. 49:242, 
1940. 
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Mesenteric vascular occlusion is a syndrome that includes (1) thrombosis of 
the mesenteric veins, (2) embolism or thrombosis of the mesenteric arteries, (3) 
rupture of mesenteric vessels (abdominal apoplexy), and (4) traumatic injuries 
to mesenteric vessels. 

This paper deals primarily with the first and second pathological entities. 

It is not always possible to determine accurately whether the infraction is 
primarily arterial or venous and if arterial whether embolic or thrombotic, even 
with careful pathological examination of the operative or postmortem specimen. 
Embolic venous occlusion has been reported,® but the concept of retrograde emboli 
has few supporters. In general, recent figures suggest that venous thrombosis is 
commoner than arterial occlusion and that arterial thrombosis is commoner than 
arterial embolus.’ A combination of venous and arterial occlusion may occur. 
Occlusion of the superior mesenteric vessels occurs far more frequently than occlu- 
sion of the inferior mesenteric vessels. A possible explanation may lie in the angle 
at which the superior mesenteric artery departs from the aorta, the greater size 
of its ostium, and the fact that its course more nearly parallels that of the aorta. 

Mesenteric venous thrombosis may be divided into idiopathic (agnogenic) and 
secondary forms. Berry and Bougas (1950) have recently emphasized the agno- 
genic syndrome, describing its occurrence 13 times in 12 patients of a group of 
53 cases classified as mesenteric venous thrombosis. Johnson and Baggenstoss * 
were unable to find an adequate etiological factor in 8 of 99 cases of mesenteric 
venous occlusion. There may be inherent alteration of the coagulation mechanism 
in these instances, although the more searching the inquiry the fewer the number 
of cases that will fall into this category. The inciting factors of secondary mesen- 
teric venous thrombosis are (1) mechanical obstruction (intra-abdominal tumors— 
cirrhosis—congestive splenomegaly) which may impede the flow of blood through 
the portal system; (2) infection, usually intra-abdominal suppuration such as 
appendicitis or pelvic abscess and, less commonly, peripheral sepsis in which some 
authors include previous attacks of thrombophlebitis, and (3) blood dyscrasias 
{polycythemia vera, splenic anemia, or leukemia). 

Whereas formerly embolism to the mesenteric artery was cited as the most 
frequent cause of mesenteric arterial occlusion, more recent studies suggest that 
arterial thrombosis occurs more frequently.’ Emboli originate from the left atrium, 
particularly when fibrillation is present, from the aortic or mitral valve when there 
is an active endocarditis or a mitral stenosis with atrial dilatation, and from 
atheromatous plaques in the aorta. Thrombus in a pulmonary vein * or in a patent 
Botalli duct has been mentioned as provocative in extremely rare instances. 

Mesenteric arterial thrombosis occurs in generalized arteriosclerosis, atheroma, 


particularly when associated with hypertensive cardiac disease, aneurysm of the 
aorta or mesenteric artery, thromboangiitis obliterans, periarteritis nodosa, and 


Raynaud’s disease. 


6. Woloschin, cited by Boyce, F. F., and McFetridge, E. M.: Mesenteric Vascular Occlu- 
siono, Internat. S. Dig. 20:67, 1935. 

7. Johnson, C. C., and Baggenstoss, A. H.: Mesenteric Vascular Occlusion: I. Study of 
99 Cases of Occlusion of Veins, Proc. Staff Meet., Mayo Clin. 24:629, 1949; II. Study of 60 
Cases of Occlusion of Arteries, and of 12 Cases of Occlusion of Both Arteries and Veins, ibid. 
24:649, 1949. 

8. Klob, cited by Boyce and McFetridge, E. M.: Mesenteric Vascular Occlusion, Internat. 
S. Dig. 20:67, 1935. 
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As is well known, the consequences of mesenteric vascular occlusion depend 
upon the nature of the occlusion, its location and extent, together with the rapidity 
of its development. In view of the accumulated and recently acquired knowledge 
of this subject, results may be summarized as follows. In general, arterial occlusion 
first causes an ischemic infarct in which the bowel is pale and anemic, and if 
unrelieved produces necrosis and gangrene of the bowel. Venous occlusion at first 
produces a hemorrhagic infarction progressing to necrosis and gangrene. In either 
case the peritoneal cavity usually contains serosanguineous fluid with a distinctive 
unpleasant odor. The bowel is inert, boggy, cyanotic; the serosa has lost its sheen, 
and when distention is present it is usually not marked. The mesentery is thick 
and edematous; subperitoneal hemorrhages may be visualized, and occasionally 
thrombosed vessels may be seen or palpated. However, it must be remembered 
that not every occlusion will result in infarction. The small intestine and right 
half of the colon does not have as effective a collateral circulation as does the left 
half of the colon. 

Occlusion of the portal vein, superior mesenteric vein, segments of the larger 
tributaries or of small tributaries and arcades without infarction have been recorded. 
Gangrene will be almost inevitable if the thrombosis extends to the bowel wall with 
involvement of the arcades and vasa recti.’ Noer® demonstrated that when the 
arcuate system is blocked the intramural circulation is an important compensating 
mechanism. Depending on the extent and location of the vascular occlusion, the 
lesion may be represented by small localized areas or extensive segments of gan- 
grene involving nearly all of the small intestine and the right half of the colon. 

Before occlusion of the superior mesenteric artery or its branches can be con- 

sidered embolic in origin, Johnson and Baggenstoss * have postulated the following 
criteria : 
1. There must be a source for an embolus. 2. Clinical symptoms of sudden onset must suggest 
embolic phenomena. 3. The occlusion must involve but a short section of artery. 4. The micro- 
scopic appearance of the occlusive structure must suggest its embolic origin. 5. Embolic phe- 
nomena must have occurred elsewhere in the body. 


In many instances in spite of these criteria we will be unable to distinguish 
infarction produced by embolism from that produced by thrombosis. For example, 
sudden clot formation in an already partially thrombosed artery may produce the 
clinical picture typical of embolic phenomena. Once the embolus has lodged, 
thrombus propogation may not only mask the microscopic appearance but the occlu- 
sion will involve more than a short section of artery. Embolism produces rapid 


closure of the artery, initiates an extensive vasospasm, and does not allow any time 


for development of collateral circulation. Sudden occlusion of the main stem of the 
mesenteric artery, any of the larger branches, or the vasa recti usually will cause 
infarction. Sudden occlusion of short segments of smaller branches may not eventu- 
ate in infarction. The degree of infarction is dependent on the point at which the 
embolus lodges. If it occludes the ostium of the superior mesenteric artery, infarc- 


9. Noer, R. J.: The Blood Vessels of the Jejunum and Ileum: A Comparative Study of 
Man and Certain Laboratory Animals, Am. J. Anat. 73:293, 1943. Noer, R. J., and Derr, 
J. W.: Revascularization Following Experimental Mesenteric Vascular Occlusion, Arch. 
Surg. 58:576, 1949; Effect of Distention on Intestinal Revascularization, ibid. 59:542, 1949. 
Noer, R. J.; Derr, J. W., and Johnson, C. G.: The Circulation of the Small Intestine: An 
Evaluation of Its Revascularizing Potential, Ann. Surg. 13:608, 1949. 
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tion may be present in nearly all the small intestine and in the right half of the 
colon; however, if only a small branch is involved, the infarcted intestine may be 
but a few centimeters in length. 

Slowly developing thrombosis may permit time for the development of an 
adequate compensatory circulation. There are instances on record in which complete 
occlusion of the mesenteric artery has been followed by recanalization. Wangen- 
steen cites Chiene ?° as recording the autopsy findings of a case without infarction 
of the intestine in which 
The abdominal aorta was completely occluded by an aneurysm that extended as far down as 


the bifurcation. The branches of the mesenteric arteries were filled by injection through the 
superior hemorrhoidal, which artery was as large as the femoral. 


CLINICAL FEATURES OF MESENTERIC VASCULAR OCCLUSION 

There is no definite composite symptom complex of this deceptive disease, and 
it has been suggested that it is typical to have it pursue an atypical course. The 
symptoms and signs may be so mild as to be overlooked with repeated incomplete 
blocks described as “abdominal angina” or “intermittent mesenteric claudication” 
remaining unrecognized until they produce infarction.’ Furthermore, the severe 
primary disease often confuses the syndrome of vascular occlusion. Venous occlu- 
sion logically should and usually does display a prodromal period with an insidious 
onset, slowly progressive, often covering a period of days, and in general running 
a milder course than that accompanying arterial occlusion. On the other hand, 
arterial occlusion more frequently causes an abrupt and dramatic onset, fulminating 
in nature, and progressing rapidly to a fatal outcome. If the superior mesenteric 
artery is suddenly occluded at its ostium, the picture of collapse and shock may 
dominate to such a degree that the abdominal catastrophe is completely masked. 
The correct diagnosis is difficult to make, and it is more important to be cognizant 
of the presence of a surgical emergency than to make an accurate pathological 
diagnosis. The dominant features are excruciating pain, more often constant than 
colicky in type, which may not be relieved by narcotics. Vomiting is copious, 
severe, protracted, and reflex in type and may contain blood. Diarrhea or constipation 
may be present and rarely may be accompanied by melena. Involuntary muscle 
spasm will be elicited throughout the abdomen, but rigidity is not proportionate 
to the severity of the pain and is almost never board-like. Exquisite tenderness 


and rebound tenderness are generalized, although point tenderness may be more 
marked over the infarcted segment of bowel. Distention is present but is usually 
only moderate in extent, and tympany may be absent when there is much blood 
in the intestine. Rarely, the sensation of a boggy mass may be palpated. Peri- 
staltic sounds are first hyperactive, but within a short time the abdomen becomes 
silent. Tenderness may be elicited on rectal examination, a mass may be suggested, 


rarely the presence of melena confirmed. At the onset, temperature, pulse, and 
blood pressure readings may not be significantly altered; however, as infarction 
of the intestine progresses, the temperature will rise, the pulse rate increase, 
and the blood pressure fall. The leucocyte count may be normal early in the course 
of the disease but is usually elevated to 15,000 to 25,000, with a preponderance of 


10. Chiene, J., cited by Wangensteen, O. H.: Intestinal Obstructions, Ed. 2, Springfield, 
Ill., Charles C Thomas, Publisher, 1949, p. 452. 


11. Larson, L. M.: Mesenteric Vascular Occlusion, Surg., Gynec. & Obst. 53:54, 1931. 
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polymorphonuclear leucocytes. Roentgenograms of the abdomen are not of signi- 
ficant diagnostic value, frequently showing slight distention in both small and 
large intestine. The absence of valvulae conniventes is suggestive of some form of 
strangulating obstruction. An over-all haziness or ground-glass appearance may 
suggest the presence of serosanguineous intraperitoneal fluid. Harrington ''* believes 
that the presence of gas in the right half of the colon stopping abruptly in the 
midtransverse colon is a valuable finding. Whenever one is suspicious of a strangu- 
lating type of intestinal obstruction immediate abdominal paracentesis is indicated. 
When peritoneal paracentesis reveals the presence of serosanguineous fluid, prompt 
surgical exploration is demanded. In the cases referred to in this communication, 


paracentesis was performed only 11 times, but in each of these instances sero- 
sanguineous or bloody fluid was recovered. In addition to strangulated intestine, 
a positive paracentesis may be obtained when there is torsion of an ovarian tumor, 
intra-abdominal hemorrhage from a ruptured spleen, or a ruptured ectopic preg- 
nancy, or an acute hemorrhagic pancreatitis. 

It is evident that there are no pathognomonic features that will identify necrosis 
of the intestine due to mesenteric vascular occlusion. However, a history of previous 


cardiovascular disease and symptoms out of proportion to the clinical signs should 
alert the clinician to this possibility and aid him in arriving at a correct tentative 
diagnosis by exclusion. Do not neglect to perform abdominal paracentesis when 
such suspicion exists. 

REPORT OF CASES 


The records of 38 of our patients were reviewed. Of these patients, 17 were 
not operated upon, and all 17 died. The diagnosis in these cases was confirmed by 
postmortem examination. Twenty-one patients were operated upon. Exploration 
without resection was performed in nine patients. In eight of the above cases 
resection was not undertaken because of either the massive extent of the lesion or 
the precarious condition of the patient; all of these patients died. In the ninth 
instance only minimal involvement was present, and the intestine appeared viable 
(Case 1); this patient survived. Of the 12 patients in whom resection was per- 
formed, 5 survived. 


Case 1—A 65-year-old white man entered the hospital complaining of painless jaundice. 
He was weak, emaciated, and deeply jaundiced. Heart sounds were of poor quality and the 
rate 60, with a regular rhythm. A very large mass was palpable in the right upper quadrant 
of the abdomen. The hemoglobin was 7 gm. per 100 cc.; the icteric index, 150 to 170. Values 
for direct-reacting bilirubin (van den Bergh), total cholesterol, and alkaline phosphatase were 
elevated; serum calcium levels were normal and total proteins, low. 

The gastrointestinal series demonstrated widening of the duodenal sweep and extrinsic 
pressure upon the first portion of the duodenum. 

A diagnosis was made of carcinoma of the pancreas. Laparotomy was scheduled on the 
24th hospital day, and that morning the patient complained of mild crampy abdominal pain 
for the first time. There was no muscle spasm. The bowel sounds were audible and apparently 
normal. 

At operation a very small amount of serosanguineous fluid was found in the peritoneal 
cavity. The liver was studded with metastatic lesions. The head of the pancreas was enlarged, 
irregular, and hard. It encroached upon the antrum of the stomach and duodenum. The com- 
mon bile duct and gall bladder were tremendously dilated. A loop of distal jejunum about 
30 cm. in length was found to be cyanotic and atonic. The mesenteric veins supplying this 
loop appeared thrombotic. Procaine hydrochloride, 2%, was infiltrated about the mesenteric 
vessels at the root of the mesentery, warm saline laparotomy pads applied to the bowel, and 


lla. Harrington, L. A.: Mesenteric Thrombosis, Am. J. Roentgenol. 58:637, 1947. 
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a high concentration of oxygen administered. Active peristalsis returned, the color of the 
bowel improved, and it was returned to the peritoneal cavity. A cholecystojejunostomy and 
jejunojejunostomy were performed for the relief of jaundice. The jejunum was inspected 
again and appeared viable. Therefore the abdominal incision was closed. 

During the first five postoperative days the patient was given heparin by intravenous drip. 
His jaundice receded rapidly so that by the sixth week it was not evident clinically; the icteric 
index returned to normal, and the stools were normally colored. Eighty-seven days after 
operation he was transferred to a cancer hospital, free of abdominal complaints. 

Although still in the hospital, six months later the patient was free of jaundice and without 
complaints suggestive of mesenteric vascular occlusion. 

Case 2.—A 55-year-old white man was admitted to the urology service of the hospital com- 
plaining of sudden and severe epigastric pain of six hours’ duration. Three weeks prior to 
admission he had experienced vague abdominal pain that had been diagnosed as “renal colic.” 

Intravenous and retrograde pyelograms were performed to rule out a ureteral calculus. On 
the second hospital day when the patient vomited “coffee-ground” material, surgical consulta- 
tion was requested. 

The patient was acutely ill, dehydrated, and vomiting. The temperature was 1004 F., 
blood pressure 160/100, and pulse rate 76. The heart and lungs were normal. The abdomen 
was obese and moderately distended, and tenderness was present just to the right of the umbilicus. 
Slight muscle spasm was present. No mass was palpable. The peristaltic sounds were dimin- 
ished. 

The leucocyte count was 11,000. The serum amylase was normal. The vomitus was posi- 
tive for occult blood. A flat plate of the abdomea showed both large and small bowel distention. 

By abdominal paracentesis 50 cc. of serosanguineous fluid was recovered. A diagnosis of 
mesenteric vascular occlusion was made. 

Laparotomy confirmed the preoperative diagnosis, and 180 cm. of gangrenous small intestine 
was resected. Continunity was restored by end-to-end anastomosis, and the length of the 
remaining intestine was estimated to measure approximately 150 cm. 

The pathologist stated that the infarction was due to thrombosis of the mesenteric vessels, 
most likely venous in origin. 

Postoperatively the patient received the usual supportive treatment including antibiotics 
and anticoagulants (heparin and bishydroxycoumarin [Dicoumarol]). Bowel movements at 
first occurred from three to four times daily, but the number gradually decreased to twice 
daily. The patient was discharged from the hospital on the 29th postoperative day. A large 
incisional hernia was repaired 13 months later. At this time the patient had no gastrointestinal 
complaints. When the peritoneal cavity was opened, the small intestine was carefully reexam- 
ined and its length estimated to be 150 cm. The anastomosis appeared very satisfactory. 

Three years and five months later the patient was well, employed full time, and free of 
abdominal complaints. 

Case 3.—A 49-year-old white woman was admitted to the hospital complaining of gen- 
eralized abdominal pain of two days’ duration. Vomiting followed the onset of the pain. The 
patient was known to have had hypertensive cardiovascular disease for 20 years, and one year 
prior to admission suffered a cerebrovascular accident which resulted in a hemiplegia. One 
month prior to admission a hysterectomy was performed at another hospital, after which 
convalescence was uneventful. 

The patient was acutely ill, dehydrated, and vomiting dark-brown material. The tempera- 
ture was normal, blood pressure 220/120, and pulse rate 110. The heart was enlarged to the 
left with a loud apical systolic murmur. The lungs were normal. A low midline scar was 
present. There was moderate distention throughout the abdomen, as well as exquisite tender- 
ness and rebound tenderness. There was no localization and no palpable mass. The leucocyte 
count and serum amylase determination were normal. Albuminuria (3+) was present. The 
vomitus was positive for occult blood. A flat plate of the abdomen revealed generalized dilation 
of the small bowel. 

Immediate laparotomy was considered but delayed because of the extremely poor condition 
of the patient, and intensive supportive therapy was instituted. The following day, however, 
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the temperature rose to 102 F. and the white blood cell count to 20,000. A peritoneal aspira- 
tion was performed with recovery of serosanguineous fluid. 

The preoperative diagnosis was (1) possible mesenteric thrombosis, (2) possible internal 
strangulation. 

Exploration was performed on the second hospital day. Resection of 105 cm. of gangrenous 
jejunum was carried out, and continuity of the intestine was restored by an end-to-end anas- 
tomosis. The length of the remaining intestine was not estimated. The infarction was due 
to thrombosis of the superior mesenteric artery. 

The usual postoperative supportive measures were employed, including antibiotics but no 
anticoagulants. The postoperative convalescence was uneventful. The patient was discharged 
on the 74th postoperative day. The patient was alive and well three years and four months 
later. There had been no further abdominal episodes. 

Case 4.—A 55-year-old Puerto Rican man was admitted to the medical service of the hos- 
pital complaining of abdominal pain and vomiting. 

In awakening in the morning on the day of admission he noted slight pain in the epigastric 
region. One-half hour later the pain had spread throughout the abdomen, and recurrent at- 
tacks of colicky pain occurred. Vomiting was present. There was a normal bowel movement 
the preceding night and a small movement on the day of admission. Blood was not noted in 
either the vomitus or the bowel movements. 

Three years previously the patient was hospitalized for three weeks because of “leg pains.” 

The blood pressure was 170/105, the pulse rate 84, the temperature 98.2 F., and the respira- 
tory rate 22. The pertinent physical findings were limited to the abdomen. There was a 
slight soft distention of the lower abdomen, and no spasm, tenderness, rebound tenderness, or 
palpable mass. Increased peristaltic sounds were audible. The leucocyte count was 8,500, and 
urinalysis revealed nothing abnormal except for the presence of a few white blood cells. 
Serum amylase and lipase determinations were normal. The following day the pain persisted; 
the temperature rose to 102 F. and the pulse rate to 120, at which time the surgical consultant 
noted tenderness and rebound tenderness throughout the entire abdomen, with tympany to per- 
cussion, inaudible peristaltic sounds. A repeat leucocyte count was 28,500. Abdominal para- 
centesis yielded bloody fluid. A diagnosis of mesenteric thrombosis was made. 

At operation, about 200 cm. of gangrenous small bowel was found. The infarcted segment 
extended from a point about 90 cm. distal to the ligament of Trietz to a point 15 cm. from the 
ileocecal valve and included a Meckel’s diverticulum. Excision of 260 cm. of intestine was 
carried out and an end-to-end anastomosis performed. It was estimated that 90 cm, of small 
intestine remained. The pathological diagnosis was infarction of the small intestine secondary 
to mesenteric venous thrombosis. 

The postoperative convalescence was relatively uneventful. Supportive treatment included 
the administration of antibiotics and anticoagulants (heparin and bishydroxycoumarin). There 
was a persistent diarrhea (four to five bowel movements daily), which slowly subsided to two 
bowel movements daily at the time of discharge. The patient was discharged on the 30th hospital 
day and was well 13 months later. 

Case 5 (Miller and Bryant, 1952).—A 2%4-year-old Negro boy was admitted complaining 
of sore throat and diffuse abdominal pain. For five days prior to admission he had been treated 


in the outpatient department of another hospital, receiving daily injections of penicillin for a 
sore throat. The day before admission, the temperature rose to 104 F., and he first complained 
of diffuse abdominal pain. 


At the time of admission the temperature was 103.4 F. rectally, the pulse rate 96, and 
respirations 30. The pharynx and tonsils were beefy red and edematous. There was diffuse 
mild tenderness throughout the abdomen but no rigidity. There were no abnormal findings 
on rectal examination. 

The ‘leucocyte count was 18,500, with 81% polymorphonuclear leucocytes. 

On the evening of admission, the surgical consultant noted extreme tenderness of the 
entire abdomen, which was more marked in the right lower quadrant. There was voluntary 
spasm, but no distention. A roentgenogram showed a small amount of gas irregularly dis- 
tributed throughout the colon. A diagnosis of acute appendicitis was made and immediately 
laparotomy performed. 
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When the peritoneum was opened, a thick, purulent, fecal-smelling, nonsanguineous fluid 
was noted and removed by suction. Approximately 17 cm. of terminal ileum and cecum was 
edematous and discolored. The distal 10 cm. of ileum was gangrenous. The distal third 
of the appendix was necrotic. Warm applications were applied to the bowel while appendectomy 
was performed. After 30 minutes the color of the ileum had improved slightly, but the terminal 
10 cm. remained plum-colored and lusterless and without peristalsis. No vascular pulsations 
were present. Therefore the distal 30 cm. of ileum, the cecum, and about 5 cm. of ascending 
colon were resected well beyond the infarcted intestine. An end-to-end ileocolostomy was 
performed. 

The pathological diagnoses were as follows: 1. In the appendix there was a large fecalith 
with extensive gangrenous inflammation and periappendicitis. 2. In the terminal ileum there 
was an early hemorrhagic infarction. 

The postoperative course was remarkably uneventful. Antibiotics and anticoagulants were 
administered. The child was discharged from the hospital on the 24th postoperative day and 
was well 14 months later. 

Case 6.—A 10-year-old girl was admitted to the pediatric service, having been struck by 
an automobile approximately one hour prior to admission. The child complained of abdominal 
pain, nausea, and vomiting. She was pale, and there was a bruise over the lower left chest 
wall and back. There was slight muscle spasm and tenderness throughout; peristaltic sounds 
were audible. X-rays of the chest and abdomen were taken, and the only positive finding was 
a fracture of the right 10th rib and the left 11th rib. The pulse rate rose from 88 to 112 within 
two hours, but blood pressure levels were maintained. Reexamination four hours later re- 
vealed slight abdominal distention, no increase in the degree of tenderness, but slight muscle 
spasm. An abdominal paracentesis was performed and blood obtained. A preoperative diagnosis 
was made of a ruptured viscus, most likely the spleen. 

Exploratory laparotomy was performed five hours after admission. When the peritoneal 
cavity was entered, a large amount of blood was noted. The liver and spleen were intact, but 
the proximal 35 cm. of jejunum was gangrenous. The layers of the mesentery were suffused 
with blood, and this was the source of the blood in the peritoneal cavity. Resection of 50 cm. 
of gangrenous jejunum was done, sectioning the proximal jejunum at the duodenojejunal 
junction. After mobilization of the ascending limb of the duodenum, closure was effected. The 
open end of the jejunum was also closed. Posterior gastrojejunostomy was selected as the 
most convenient and rapid means of restoring continuity of the gastrointestinal tract. The post- 
operative course was uneventful, and she was discharged on the 21st postoperative day. 

Eleven years later the patient was living a relatively normal life, although she has numerous 
abdominal complaints. 

Case 7.—A 56-year-old white man was admitted to the medical service complaining of 
abdominal pain and constipation. 

He was well until 12 days prior to admission when he first experienced suprapubic pain. 
There had been no previous similar episodes. This attack subsided, but five days prior to 
admission the pain recurred, became more intense, and was crampy in character. There had 
been no bowel movement for four days. He had vomited once. 

At the time of admission the pulse rate was 84, the blood pressure 130/70, and respiration 
22. The abdomen was obese, soft, and not distended. There were no palpable masses, no 
muscle spasm, and only minimal tenderness of the abdomen. Rebound tenderness was present. 
Bowel sounds were normal to auscultation. Rectal examination elicited mild tenderness, no 
masses, no feces, and no blood. The leucocyte count was 6,900, with 75% polymorphonuclear 
leucocytes. The urine was normal. 

The following day, the pain increased in severity. The leucocytes rose to 16,000, of which 
85% were polymorphonuclear. Upright and lateral recumbent films of the abdomen showed 
moderate distention of the small bowel. At the time of surgical consultation, the patient was 
acutely ill, with the abdomen moderately distended. An indefinite mass was palpated in the 
left upper quadrant of the abdomen. Tenderness and rebound tenderness were present throughout 
the abdomen. There was moderate muscle spasm. The vomitus was positive for blood. Peritoneal 
paracentesis yielded serosanguineous fluid, and a diagnosis of strangulating intestinal obstruction 
was made, with possible perforation of the bowel. 
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An infarction of the intestine was found, extending from a point 8 cm. distal to the liga- 
ment of Treitz distally 150 cm. Preparation was made for resection of this segment of the 
bowel, but it was then observed that there was a rapidly occurring extension of the process 
and that the sharp line of demarcation previously noted had become less evident. Since the 
extent of the infarcted bowel could not be accurately determined, the abdomen was closed and 
the patient returned to the ward in poor condition. 

Postoperatively the patient was given all possible supportive treatment, but the course was 
stormy. There was marked abdominal distention, dark blood was passed rectally, and pul- 
monary edema developed. Four days later, the patient was reexplored. Approximately 150 cm. 
of gangrenous necrotic jejunum was found and excised together with an ample margin of nor- 
mal bowel, restoring continuity by an end-to-end anastomosis. 

The patient failed rapidly and died the following day (fifth day). The pathological report 
of the specimen revealed 150 cm. of necrotic tissue from the small intestine, with the diagnosis 
given as mesenteric thrombosis. In our opinion, it was venous in origin. 

Case 8.—A 59-year-old white woman entered the hospital giving a history of relative good 
health until six weeks prior to admission, at which time her legs became swollen, her eyes 
became swollen, and there was extensive urticaria. Her physician noted that microscopic 
examination of the urine showed red blood cells and pus cells on three occasions. Before ad- 
mission the urticaria disappeared. She had an attack of diarrhea one week prior to admission 
and during the previous six weeks had occasional attacks of nausea and vomiting. 

On admission the temperature was 100.2 F., pulse rate 112, and blood pressure 120/70. The 
heart was not enlarged and the rhythm was regular, with a harsh systolic murmur heard best 
at the apex. The abdomen was obese and symmetrical, and there was no spasm or tenderness. 

The leucocyte count was 14,200. Urinalysis showed occasional red blood cells, white blood 
cells, and hyaline and waxy casts. The day following admission cystoscopy and retrograde 
pyelography were performed. Ureteral catheterization on the left side was essentially normal. 
It was impossible to pass a ureteral catheter on the right side. Retrograde pyelography showed 
a fairly normal left kidney shadow, but an irregular mottled calcification was present on the 
right side, obscuring the contour of the right kidney. On retrograde injection of Methiodal 
(Skiodan) sodium, the left kidney appeared grossly normal. 

It was felt that the patient had a right pyonephrosis with calcification but that a tumor 
could not definitely be excluded. 

The following day she vomited 200 cc. of bile-stained fluid and complained of abdominal 
pain. The temperature was 99.2 F., pulse rate 104, and blood pressure 148/100. She slept 
irregularly that night. The following day she was nauseated and vomited once. 

Three days after admission the temperature was 99.6 F. and the pulse rate 112. On this 
day the patient underwent surgical exploration through a right kidney incision. The peritoneum 
was markedly discolored. Right nephrectomy was performed without difficulty and with very 
little loss of blood. The kidney was calcified and about one-half normal size. The blood pres- 
sure at the beginning of operation was 120/70 and fell to 90/50 during the procedure; the 
pulse rate was 96 and rose to 120. As the incision was being closed the patient became cyan- 
otic, the pulse imperceptible, and the blood pressure unobtainable, and the patient died. 

Postmortem examination demonstrated generalized arteriosclerosis and coronary sclerosis. 
There was an infarction of the lower jejunum and ileum ending abruptly 15 cm. proximal to 
the ileocecal valve. The mesenteric artery was obliterated by an organized thrombus. Micro- 
scopic examination of the intestine showed necrosis throughout all layers of the intestine, with 
vascular channels obliterated by organized thrombi. The vascular lesions were typical of 
periarteritis nodosa. 

Case 9.—A girl, born by spontaneous delivery of an apparently normal mother, was well 
for the first five days of life. On the sixth day, although the temperature rose to 101.6 F., no 
untoward signs or symptoms were noted. Normal stools were passed one or two times daily. 
During the day the baby took only 1 oz. (30 cc.) of formula every three hours, regurgitating a 
small amount each time. That night the temperature rose to 102.4 F. There were no abnormal 
physical findings. The morning of the seventh day the infant refused to nurse and appeared 
drowsy. Gavage feedings were instituted. As improvement was noted during the seventh 
and eighth days, gavage feedings were discontinued. On the ninth day intermittent attacks 
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of cyanosis occurred. The infant continued to take the formula well. That night cyanosis and 
stertorous respirations occurred, and the baby passed a dark bowel movement that was positive 
for blood. No other abnormal findings were noted. . 

During the morning of the 10th day, respiratory distress continued, and altered breath 
sounds were heard in the right base. The infant became markedly cyanotic in spite of oxygen 
administration. The abdomen became distended and tense, particularly in the epigastrium. A 
gastric tube was passed, the stomach emptied and lavaged, removing undigested formula, mu- 
cus, and bile. 

For the first time an intestinal obstruction was suspected. A flat plate of the abdomen 
showed distention of the small intestine, no gas in the lower small intestine or colon. The in- 
fant died on the 10th day of life. 

The postmortem examination revealed generalized arteriosclerosis. There was an infarc- 
tion of 31 cm. of jejunum, with perforation and peritonitis. The infarction was the result of 
extensive thrombosis of the superior mesenteric artery. 


COMMENT 
Laparotomy is demanded in every instance when there is a suspicion that 
mesenteric vascular occlusion is present as well as when the diagnosis is established 
beyond a reasonable doubt. Delay cannot be countenanced beyond a few hours, 
during which time vigorous efforts to improve and to support the patient’s general 
condition are carried out. If there is failure to respond to supportive measures; 

operative intervention becomes more urgent. 


Reports * have appeared describing recovery of patients with mesenteric vas- 
cular occlusion when only surgical exploration (no resection) was carried out 
(Jopson, 1921; Laufman and Scheinberg, 1942). One of our patients (Case 1) 


with an abortive episode survived without resection of the intestine. It is our 
opinion that failure to resect is fraught with danger unless there is minimal involve- 
ment, and in such instances the viability of the bowel must be established beyond 
question. This procedure might also be considered when the surgeon is confronted 
with an early lesion before a definite line of demarcation has been established, with 
the full realization that it is but a temporary expedient and that reoperation and 
resection will be indicated within hours. Meanwhile supportive therapy, including 
the administration of anticoagulants and antibiotics, should be given. 

When the abdomen is opened the surgeon may be faced with a massive infare- 
tion involving all but a few centimeters of the small intestine or nearly all of the 
small intestine and right colon. However, some of these patients have survived 
following extensive resection (Jerrauld and Washburn, 1929; Meyer, 1946; 
Berman and co-workers, 1947; Cogswell, 1948; Campbell, 1948; Campbell and 
Green, 1949: Chodoff, 1950; Koon, 1950). Radical resection and restoration of 
the continuity of the intestine by primary anastomosis is the treatment of choice 
and should be pursued energetically. From these and other observations it can 
be ventured that 65% of the small intestine can be resected safely and the remaining 
intestine carry the increased load efficiently. Patients have survived more extensive 
resections (Cogswell, 1948, resection of all of the small intestine but 35 cm.; 
Meyer, 1946, resection of all of the small intestine but 45 cm. and resection of 
the right colon ; Chodoff, 1950, resection of all of the small intestine but 20 cm.), 
but such resections have usually produced serious digestive disturbances and 
metabolic alterations, the control of which tax the ingenuity of the most astute 
clinician. In this connection should be noted the great variability in the length of 
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the human small intestine ranging from 304 cm. to 863 cm. according to J. Bryant.’? 
Moynihan ** stated that the length of the small intestine is in the proportion of 
387.5 cm. of small intestine for every 100 cm. of body height. Moynihan remarked 
that in regard to the outcome, the amount removed was not as important as the 
amount remaining. Cogswell (1948) has very rightly emphasized this point, 
stating: ‘Little or no mention has been made as to the amount of bowel remaining 
to carry on absorption and digestion for maintaining nutrition, yet this is the most 
important factor to be considered.””’ He has also reviewed the compensatory 
mechanism occurring in the remaining intestine after massive resections. Resection 
of the upper small intestine is not as well tolerated as resection of the lower small 
intestine. The significant alterations of digestion and metabolism have been dis- 
cussed by West,?* Cogswell (1948), and Chodoff (1950). Carbohydrates are well 
utilized—about 75% of protein is absorbed but there is poor fat absorption (55%). 
Apparently fat digestion proceeds almost normally, but there is an inability to 
absorb the fatty acids. Abnormalities of calcium-phosphorus metabolism with 
resultant tetany may occur. 

If the patient does not do well postoperatively or if he does well for a few days 
and then has a relapse, reoperation should be considered strongly, as the occlusive 
process may have extended. 

Postoperatively, in addition to the usual supportive therapy, the specific regimen 
should include (1) intestinal intubation, (2) anticoagulants, (3) antispasmodics, 
(4) antibiotics, and (5) oxygen therapy. During convalescence patients in whom 
a relatively short segment of intestine remains may be subject to nutritional and 
metabolic disturbances of varying degrees together with a persistent debilitating 


diarrhea. A corrective and well-tolerated diet contains a high-carbohydrate, 
medium-protein, low-fat content together with calcium and vitamins. 


SUMMARY 


A comprehensive review of the literature and our own personal experience 
indicate that the correct preoperative diagnosis of infarction due to mesenteric 
vascular occlusion can be made in many cases provided careful attention is paid 
to the immediate and past history, the evaluation of pertinent clinical signs, and 
the early use of abdominal paracentesis. However, a major source of erroneous 
diagnosis continues to be the failure to consider the possible presence of this 
catastrophe, even when confronted by these data, and even in a patient with previous 
cardiovascular disease. 

Once the diagnosis is suspected or established, surgical exploration becomes 
urgent. Resection of the gangrenous segment of intestine is imperative, regardless 
of the extent of the infarction or the condition of the patient. 

A second laparotomy with further resection must be considered if the patient’s 
course suggests extension of the occlusive process. 


12. Bryant, J., cited by Cogswell, H. D.: Massive Resection of the Small Intestine, Ann. 
Surg. 127:377, 1948. 

13. Moynihan, B. G. A., cited by Berman, J. K.; Brown, H. M.; Foster, R. T., and Grisell, 
T. L.: Massive Resection of Intestine (in Case of Mesenteric Thrombosis Due to Ergot), 
J. A. M. A. 135:1918, 1947. 

14. West, E. S.; Montague, J. R., and Judy, F. R: Digestion and Absorption in a Man 
with 3 Feet of Small Intestine, Am J. Digest. Dis. 5:690, 1938. 
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RECOGNITION AND MANAGEMENT OF ACUTE PANCREATITIS 


JOHN M. DORSEY, M.D. 
AND 


JAY P. RUZIC, M.D. 
EVANSTON, ILL. 


OR THOSE whose surgical practices include the diagnosis and treatment of 

the acute surgical abdomen, the consideration of acute pancreatitis should pre- 
empt a position of high priority. Like “spontaneous” perforation of the esophagus, 
it is a disease process which is recognized advantageously only when it is thought 
of in the differential diagnosis of abdominal emergencies. 

The incidence of traumatic, as well as nontraumatic, emergent surgical proced- 
ures at the Evanston Hospital is relatively high because of the hospital’s commun- 
ity location. There has developed an awareness on the part of the staff of the 
manifestations of acute pancreatic inflammation, with a consequent modest, though 
definite, increase in the frequency. of detection. Blatchford and Christopher ' 
reported the known Evanston experience in the 10 years between 1938 and 1947, 
inclusive. It is summarized in Figure 1 and characterized by (a) a significant mor- 
tality and (b) a high incidence of acute pancreatitis associated with disease of the 
biliary tract. There is very little that can be added to the recommendations of these 
authors. 

Our report, (Fig. 2) in comparison, concerns the last 24 patients for whom a 
diagnosis of acute pancreatitis was made and confirmed at immediate or delayed 
surgery, at autopsy, or by high serum amylase determinations which were many 
times confirmed by later surgery. Most of these patients have been seen in the 
last two years. Inasmuch as serum amylase levels were recorded for all but two of 
them, and these came to autopsy, it is apparent that the almost routine employment 


of this test has not only led to more frequent recognition of the disease but perhaps 
has contributed in part to the reduction in mortality. The following tabulation sum- 
marizes the fatalities. It is to be especially noted that one of the patients who died 
was a 16-day-old girl. 


1. C, a 16-day-old infant, had a congenital defect in mesentery of duodenum with 
faulty rotation and pancreatic duct obstruction; no serum amylase determination made. 

2. D, a 53-year-old man, died 29 days after common duct surgery ; complete destruc- 
tion of pancreas; serum amylase, 1,390 mg. per 100 cc. 


Read at the Sixtieth Annual Meeting of the Western Surgical Association, Houston, Texas, 
Dec. 5, 1952. 

From the Department of Surgery, Northwestern University Medical School, and the 
Evanston Hospital. 

Chairman, Department of Surgery (Dr. Dorsey), and Resident in Surgery, Evanston Hos- 
pital (Dr. Ruzic). 

1. Blatchford, F. W., Jr., and Christopher, F.: Acute Pancreatitis: Critical Analysis of 
15 Cases, Quart. Bull. Northwestern Univ. M. School 22:198 (Fall) 1948 
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Chart 1—Age distribution of 15 patients with acute pancreatitis (Blatchford and Christopher). 
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Chart 2.—Age and sex distribution of 24 patients with acute pancreatitis. 
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Chart 3—Distribution of serum amylase levels of 24 patients with acute pancreatitis. 
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3. P, a 68-year-old obese man, died five weeks after onset with complete destruction 
of pancreas; had cholelethiasis and active duodenal ulcer; serum amylase 1,117 mg. 
per cc. 

4. L, a man, died four days after abdominal exploration for acute abdomen ; gall blad- 

der was drained; there was one large stone; necropsy revealed typical acute pancreatitis ; 

no serum amylase determinations done. 

Figure 3 represents the serum amylase levels in the patients studied. 

Recently Probstein * has reported that since 1934, when Somogyi first described 
the employment of the blood diastase determination, 100,000 such tests have been 
made in the Jewish Hospital in St. Louis. As a result, acute pancreatitis has been 
recognized in 200 patients. There were nine deaths. This mortality is obviously 
much lower than that of our smaller series. It is quite likely that their, no doubt, 
extensive use of the test has enabled them to recognize pancreatitis clinically in a 
higher percentage of instances. 

It should be used routinely in all patients in whom acute abdominal processes 
are being investigated. The blood specimen may be drawn by the intern or tech- 
nician when the routine red and white blood cell counts and the hemoglobin study 
are made. If a perforated viscus is suspected, the introduction of a Levin tube into 
the stomach for the purposes of aspiration will protect the patient while x-ray 
studies for air under the diaphragm and decubitus films for fluid levels in the bowel 
are being made and interpreted. By this time the amylase level will have been 
reported. Conditions other than acute pancreatitis causing high serum amylase 
levels are rare and not likely to be overlooked. 

It is our practice to treat acute pancreatitis without surgical intervention unless 
it is a complication of perforated peptic ulcer or of acute biliary disease, which 
processes themselves demand surgical intervention. Popper * has helpfully classi- 
fied pancreatitis according to its clinical form into the following types: (1) shock 
type, which is confused with vascular accidents ; (2) peritoneal type, which must be 
distinguished when possible from acutely perforated viscera, and (3) ileus type. 


These varieties are, of course, generally recognized, but the symptomatology may 


overlap. Certainly immediate surgery as well as overenthusiastic examination in 
the shock-like group is to be avoided! When for some reason a diagnosis is con- 
sidered doubtful in the other groups, as surgeons we are inclined to favor explora- 
tion. If nothing more than pancreatitis is found, our practice is to close the abdo- 
men without additional intervention. We favor giving meperidine (Demerol) 
hydrochloride for relief of pain. We begin with immediate attention to the prob- 
lem of electrolyte balance. If only edematous changes are present, early subsidence 
is likely and the problem is soon resolved. If, on the other hand, the severer pan- 
creatic necrosis interferes with alimentation through ileus or an actual partial 
upper intestinal obstruction, then survival will often depend on how such a patient 
is managed from the beginning. Blood replacement, when necessary, and antibiot- 
ics routinely are used. We favor the management of fluids as reported by Scrib- 
ner, Power, and Rynearson.* 


2. Probstein, J. G.: Pancreatitis: Current Concepts, J. Internat. Coll. Surgeons 18:489 
(Oct.) 1952. 

3. Popper, H. L.: Acute Pancreatitis: An Evaluation of the Classification, Symptomatology, 
Diagnosis, and Therapy, Am. J. Digest. Dis. 15:1 (Jan.) 1948. 

4. Scribner, B. H.; Power, M. H., and Rynearson, E. H.: Bedside Management of Prob- 
lems of Fluid Balance, J. A. M. A. 144:1167 (Dec. 2) 1950. 
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The persistently high incidence of cholecystic disease in relation to acute pan- 
creatitis is significant in at least several respects. Whereas the hypothesis of the 
“common channel” with calculous obstruction does not explain all instances of 
acute pancreatic inflammation, still it is a mechanism most frequently suspected. 
It behooves us, certainly, to gain as much information as possible about our patients 
with cholecystic diseases. True enough, we can produce pancreatitis, perhaps by 
excessive trauma at common duct surgery or by inadvertent ductal damage during 
gastric resection. But we should, whenever possible, or at least, when indicated by 
a symptomatology more diffusely epigastric, left upper quadrant, or posterior in 
location, be prepared to study ductal pressures and to make operative cholangio- 
grams to aid in the interpretation of these symptoms.°® 


Furthermore, we do not feel that the complication of acute pancreatitis in calcu- 
lous-bearing persons is sufficiently stressed as a further indication for elective 
cholecystectomy as a prophylactic measure. 

Certainly everyone of us has had the experience of remarking to our intern or 
resident to the effect that, “I hope this is the type of cholecystectomy you will have 
when you are on your own.” We have said, too, that the reason a particular cholecys- 
tectomy for calculous diseases looked easy was because we had insisted that it be 
done before complications had arisen. We cannot be entirely effective in this endea- 
vor, but we can discourage among our internist colleagues, whenever possible, the 
practice of allowing calculous cholecystic disease to go untreated surgically, to 
further avert the dangers of acute pancreatitis. 


SUMMARY 
Significant data from the study of 24 patients with acute pancreatitis has been 
presented. It is recommended that the determination of serum amylase levels be 
routinely made along with the blood count and other emergency tests of the “acute 


abdomen.” The helpful classification of acute pancreatitis into (1) shock-like, (2) 


peritoneal, and (3) ileus types is pointed out as aiding in the decision as to defini- 


tive treatment. The significance of the relation of acute pancreatitis to calculous 


cholecystic disease is elaborated. 


DISCUSSION 
On Papers oF Drs. WALTERS AND KELLY ® AND Drs. Dorsey AND Ruzic 


Dr. WARREN H. Cove, Chicago: I should like to confine my remarks to Dr. Walters’ paper 
because I happen to be more interested in the subject he discusses. 

I should like to commend him on his results. It so happens that my colleagues and I are 
using a method of repair different from his. You will recall from his description that he is 
using an anastomosis of the duct to the duodenum in most cases, whereas we are using an 
anastomosis of the duct to a Roux-Y arm of the jejunum. The results are remarkably similar, 
namely, in 70 to 75% of cases the result was considered good. 

I should like to reemphasize a point he made in his figures, that the results are much better 
if there is a sizable stump of common duct remaining. This indicates, of course, that the sur- 

5. Mallet-Guy, P.: Value of Preoperative Manometric and Roentgenographic Examination 
in the Diagnosis of Pathologic Changes and Functional Disturbances of the Biliary Tract, Surg, 
Gynec., and Obst. 94:385 (April) 1952. 

6. Walters, W., and Kelly, A. H.: Surgical Treatment of Stricure of the Common and 
Hepatic Bile Ducts, A. M. A. Arch. Surg. 66:417 (April) 1953. 
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geon who has the first opportunity to operate on the stricture has a much better chance of 
obtaining a good result, because at the first operation there is usually at least a small stump 
of common duct remaining. 

The most difficult cases, as he intimated, and those with the worst results are those in which 
the duct is not visible at the hilus but is found by aspirating with a needle deep within the liver 
tissue. 

We have had 8 or 10 patients in whom we could not find a duct at the hilus but found it 
by aspirating the liver in that area with a needle. The depth at which we have found the duct 
has varied from % to 1% in. (1.2 to 4.4 cm.). 

In that group of cases we have excavated a hole in the liver down to the duct. Often it is 
not possible to get very deep without encountering a major blood vessel; if it cannot be ligated, 
the opening will have to be packed and the remainder of the procedure completed as a second- 
stage procedure two to three days later. In some cases we have actually perforated the duct 
innumerable times with a needle; this procedure always results in a free escape of bile within 
24 to 48 hours, thus allowing anastomosis of the opening to a loop of bowel. In two of the 
patients so treated the results have been fairly good, which I think is rather remarkable in that 
without such a procedure one would have had to call them inoperable or perform a Longmire 
operation. 

I am rather confused about the use of prostheses. My mind changes a bit from time to time, 
but at present I am not using any prosthesis if I find a wide opening at the stoma, that is, if the 
stoma between the duct and the Roux-Y arm is a good wide one, we do not use any prosthesis. 
In some cases we will use a rubber tube or T-tube for about 10 days. In patients in whom we 
find a stricture of the hilar duct within the liver, particularly if it is a recurrent case, then I 
think some sort of permanent type of prosthesis is desirable. By “permanent” I mean for per- 
haps 8 to 10 months, as indicated by Dr. Walters in some of his cases. 

Recently, I have had the idea that perhaps polyethylene tubing might not plug as readily as 
do rubber tubes and Vitallium tubes, and we have placed one or two of those in strictures high 
in the liver, intending to leave them there until they do become plugged. 

At this point I should like to ask Dr. Walters his opinion about whether a polyethylene tub- 
ing will plug as readily or less readily than Vitallium or rubber tubes. 

In closing I want to emphasize the great need for early operation in these cases. It may 
appear the patients are not suffering much by delay, but in reality they are, largely because of 
the gradual tendency for cirrhosis to occur and the possible development of multiple abscesses 
in the liver. 


In our cases, most of the deaths that occurred several weeks or months after operation—in 


fact, practically all of them—were due to cirrhosis with portal hypertension or multiple abscesses. 
I know of one patient who recently died of multiple abscesses a year and a half after operation, 
and at autopsy we found that the opening between the duct and the arm of the jejunum was 
very wide. This suggested that the patient had multiple abscesses, perhaps at the time of opera- 
tion, and that they remained there and slowly increased in size, finally causing the death of 
the patient. 


Dr. WALTMAN WALTERS, Rochester, Minn.: I am very pleased that Dr. Cole discussed the 
paper. His knowledge, experience, and contributions in this field are well known to you all. I 
agree that I might use more so-called isolated defunctionalized loops of jejunum in these anas- 
tomoses to see how the results compare with those of biliary-duodenal anastomoses. 

It is easy to make up one’s mind about something, especially when it is made up on the basis, 
of what one thinks is an accurate analysis, but the other day I operated on a man who had 
undergone choledochoduodenostomy elsewhere for a pancreatitis. The gall bladder had not been 
removed. He continued to have attacks of pain, and as a last resort I said, “I have found that 
food going down through a choledochoduodenal stoma has not caused any trouble, but I am 
willing to assume that it might, so we will divide your plyorus and resect your stomach and 
then make a gastrojejunal anastomosis.” 

I found the gall bladder subacutely inflamed and containing air or gas. I removed the gall 
bladder and did the gastric resection. The patient was back about a week ago complaining of 
discomfort in the left upper part of the abdomen, probably due to the pancreatitis. The pain 
in the right upper quadrant, which had been severe and had kept him awake and caused 
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him no end of trouble, had disappeared. Whether it was due to the subacute inflammation of 
the gall bladder, I do not know. (Addendum made on Jan. 12, 1953—the patient returned to 
the hospital a week ago with the same pain that he had before the gastric resection and chole- 
cystectomy. It was relieved by a splanchnic block, first with procaine then with alcohol.) 

I wish there had been a paper on chronic pancreatitis on the program, because that seems 
to me to be one of our greatest problems at present. I do not want to comment on this condi- 
tion except as regards the particular phase of the problem related to biliary intestinal anasto- 
mosis. Recently an Australian surgeon, Mr. Kenneth W. Starr, giving a Mayo Foundation 
lecture, said that he has incised the sphincter of Oddi in cases in which attacks of upper abdom- 
inal pain occurred after cholecystectomy. He has found in some a stenosis of the outlet of the 
main pancreatic duct which he catheterized and then has found dilatation of the pancreatic duct 
beyond this stenosed area. Dilatation of the stenosed portion of the pancreatic duct has given 
relief of the pain. The area around the head of the pancreas, the pancreatic and biliary ducts, 
and the sphincter of Oddi should be thought about in cases of recurring biliary colic after 
cholecystectomy in which common duct obstruction due to stones or stricture is not demonstrable. 


Dr. Cole asked a question about polyethylene tubes. Because Dr. Grindlay, my colleague, 
has been interested in the various uses of polyethylene tubes which he has explained before this 
Association on occasion, I began using them quite a while ago as a temporary splint for biliary 
intestinal anastomoses instead of the rubber or synthetic rubber Mayo-Sullivan tubes. Unfor- 
tunately they plug with bile-pigment débris, too, just like their rubber counterparts and I think 
about as quickly. I have some interesting cross sections of these tubes showing their lumen 
completely occluded with bile débris. Moreover, they have the disadvantage of being rather 
stiff and perforating the intestine if they become fixed. I think the rubber tube is better. 

There is no tube that is available now in any material that will not plug with bile débris; 
consequently, one has to use a tube that either will pass out or must be removed. If the tube is 
left in place, it will plug and obstruct sooner or later. 


Dr. Cole’s comment on the location of the dilated intrahepatic duct is excellent. If one will 
use an aspirating needle and insert it into the liver substance at the hilus of the liver above the 
hepaticoduodenal ligament, as Dr. Cole did, one usually will be fortunate enough to find a 
dilated duct. I then have left the needle in place, while I made with a scalpel a lateral right 
angle incision toward the right shoulder. Usually a large branch of the hepatic artery is not 
encountered, but sometimes bleeding does occur. However, I have had to pack this bleeding 
area in the liver on rare occasions. 

Early operation is important when there is evidence of biliary obstruction subsequent to an 
operation on the gall bladder. It is difficult to tell whether the obstruction is due to a stricture 
or a stone. The symptoms are misleading, and the only way to determine is to operate on the 
patient and explore the common duct. 

A corollary to the maxim that early operation is important is the maxim that it is never 
too late to operate in such cases, no matter how many previous operations have been performed 
on the common duct, unless hepatic decompensation is present. The last patient that I lost was 
such a one. I made a good biliary intestinal anastomosis, which functioned normally, but the 
patient died of hepatic failure 10 weeks later. 

Dr. Joun M. Dorsey, Evanston, Ill.: I have one more slide that might be worth while look- 
ing at. 

(Slide) This represents a defect which we encountered on a cholangiogram, not usual in our 
experience. It shows the articular facet of the vertebral column under the duct, giving the 
appearance of a stone. Certainly cholangiograms should be made in order to avert this confusion. 





BENIGN LESIONS OF THE ESOPHAGUS 
Their Surgical Significance 
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NE SIDE-RESULT of the application of surgical treatment to neoplasm of 

the esophagus has been to bring the benign lesions into sharper focus. The 
conditions of the esophagus presented in this paper are collected from the case 
records of the last 10 years of the private practice of one of us (H. L. T.) and from 
the Los Angeles General Hospital. The conditions include leucoplakia, broncho- 
esophageal fistula, spontaneous perforation, benign esophageal stenosis, esophagitis, 
and peptic ulcer of the esophagus. The benign tumors of the esophagus are the sub- 
ject of another paper. It is believed that the cases reported here illustrate the prac- 
tical problems of diagnosis and treatment by surgical means. 


LEUCOPLAKIA 

It is our belief that any consideration of benign pathologic conditions of the 
esophagus must necessarily include leucoplakia. This is because the condition is 
encountered so frequently in symptomatic and asymptomatic esophageal disease. 
As is well known, !eucoplakia is a frequent finding at autopsy. Whereas, so far as 
the esophagus is concerned, its precancerous nature has not been established, it has 
been suspect for many years. 

Attention is called to the fact that oral surgeons and gynecologists are firmly 
convinced of the precancerous nature of leucoplakia. Starr ' encountered three cases 


in surgical practice. In all cases treatment by simple dilation was successful. Sharp? 


reported four cases of leucoplakia associated with oral or esophageal cancer. He 
concluded that advanced leucoplakia may be a precancerous lesion. Pack ®* stated 
that when leucoplakia is present in the mouth investigation of the esophagus is not 
amiss, as there is a definite association of precancerous leucoplakia with cancer in 
the upper digestive tract. 


Read at the Sixtieth Annual Meeting of the Western Surgical Association, Houston, 
Texas, Dec. 5, 1952. 


1. Starr, F. N. G.: Hyperkeratosis of the Oesophagus, Tr. Am. S. A. 45:147-151, 1927. 

2. Sharp, G. S.: Leukoplakia of the Esophagus, Am. J. Cancer (Supp.) 15:2029-2943, 1931. 

3. Pack, G. T., Editor: Cancer of the Esophagus and Gastric Cardia, St. Louis, C. V. Mosby 
Company, 1949, p. 28. 
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Of the 18 cases presented here, 16 were discovered at autopsy, whereas in only 
2 was the diagnosis made clinically. In the group with clinical leucoplakia, one 
patient was a man, aged 69, who gave a history of dysphagia and regurgitation of 
two months’ duration. Roentgen examination revealed obstruction of the lower 
esophagus. Because of the possibility of carcinoma, a biopsy specimen was taken 
during esophagoscopy. The pathologic report was leucoplakia. Thereafter clinical 
improvement for this patient was reported without further treatment. 

The second case is that of a man, aged 58, on whom gastrostomy had been per- 
formed for esophageal stricture of undetermined origin 14 years previously. The 
patient underwent esophagectomy with esophagogastrostomy with a satisfactory 
result. The pathologic report was atresia of the esophagus with leucoplakia. 


BRONCHOESOPHAGEAL FISTULA 


The literature contains numerous references to tracheoesophageal and broncho- 
esophageal fistula. Coleman and Bunch‘ collected 71 cases. Our group contains 
two cases. One patient is in the hospital convalescing from successful surgery. The 
second case is that of a woman aged 35 who in December, 1949, complained of 
dysphagia and of coughing immediately after swallowing liquid. There had been an 
appreciable loss of weight. Physical examination revealed evidence of pneumonia 
in the right lung. Roentgenograms, esophagoscopy, and bronchoscopy confirmed 
the clinical diagnosis of bronchoesophageal fistula. The fistula was repaired surgi- 
cally, and the patient was dismissed from the hospital as cured. The final diagnosis 
was bronchoesophageal fistula, probably the result of traction diverticulum secondary 
to tuberculosis of the tracheobronchial nodes. 


SPONTANEOUS PERFORATION OF THE ESOPHAGUS 

A common precursor of perforation is benign ulceration of the esophagus. There 
are four cases of spontaneous perforation of the esophagus in this group. From them 
may be constructed a more or less classic clinical picture and course of the disease. 

A man, aged 50, gave a history of peptic ulcer. During an attack of severe 
vomiting he experienced excruciating epigastric pain which radiated to the back. 
Objective signs included collapse, abdominal rigidity, inhibition of peristalsis, and 
dulness and rales in the left chest. A diagnosis of esophageal perforation was made 
without the aid of roentgenograms. The perforation was closed by simple suture, 
and the patient recovered. 

A man, aged 65, presented almost identical symptoms and physical findings. 
Although the perforation was closed surgically and the patient recovered, esophago- 
cutaneous fistula developed after operation. 

A man, aged 70, died soon after admission to the hospital. At autopsy a perfora- 
tion of the esophagus 2 cm. in diameter was found. Evidence of peptic ulcer was 
not present. 


A man, aged 58, was admitted in an unconscious condition after having been 


struck by an automobile. Autopsy revealed two small ulcers of the lower esophagus 
with perforation. 


ee 


4. Coleman, F. P., and Bunch, G. H., Jr.: Acquired Nonmalignant Esophago-Tracheo- 
bronchial Fistula, J. Thoracic Surg. 19:542-558, 1950. 
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ESOPHAGEAL STENOSIS 


Benign stenosis of the esophagus is a common sequel to chemical burns. In a few 
cases the cause of the stenosis is not determined.® There are eight cases in this 
series. The diagnostic features are illustrated in Table 1. 

In seven of the eight cases, esophagectomy with esophagogastrostomy was 
employed. Results were considered good in five cases, and death occurred in two. 
In one case repeated dilations were carried out, with improvement. 


ESOPHAGITIS 

A condition of importance to the surgeon is that sometimes referred to in the 
literature as postoperative esophagitis. Pringle and Teacher * reported 15 cases of 
“digestion of the esophagus” found at postmortem examination. In six cases recent 
surgical operations had been performed. In their report, emphasis is on hematemesis 
as a postoperative symptom. Moutier* reported three cases of postoperative esopha- 
gitis which is attributed to the swallowing of fumes of anesthetic agents. Signs of 
esophagitis appeared 24 hours postoperatively and included salivation, lacrimation, 
severe pain, and dysphagia, but not vomiting. Symptoms subsided within a week. 


TABLE 1.—Esophageal Stenosis (Eight Cases) 


Roent- Esophago- 

Diagnoses Clinical genologie scopic Pathologie 
Benign stenosis 5 
Postoperative stenosis * 2 1 
Carcinoma 1 1 
Leucoplakia écpdvbgaunduathodes 0 0 


5 


Extraesophageal lesion 1 (no diagnosis) 1 (no diagnosis) 


* Secondary to repair of hiatal hernia. 


Winkelstein * reported five cases of peptic esophagitis. In the series reported by 
Vinson and Butt,’ esophagitis followed operation in 71.9% of cases. Wandall *° 
reported a case wherein intrathoracic esophagogastrostomy was followed by severe 
esophagitis, shrinkage, and stenosis. 


cr 


5. Clark, D. E., and Adams, W. E.: Transthoracic Esophagogastrostomy for Benign 
Strictures of the Lower Esophagus, Ann. Surg. 122:942-953, 1945. Puestow, C. B., and Chess, 
S. J.: Resection of the Esophagus for Persistent Strictures, Arch. Surg. 56: 34-47, 1948. Rapant, 
V., and Hromada, J.: Surgical Treatment of Corrosive Stenosis of the Thoracic Part of the 
Esophagus by a Single-Stage Palliative Anastomosis: Intracervical Retrovascular Anastomosis 
Without Resection of Esophagus, J. Thoracic Surg. 20:454-473, 1950. Womak, N. A.; 
Brintnall, E. S., and Ehrenhaft, J. L.: Benign Obstruction of the Lower Esophagus, J. A. 
M. A, 145:283-288, 1951. 


6. Pringle, J. H., and Teacher, J. H.: Digestion of the Oesophagus as a Cause of Post- 
Operative Haematemesis, Brit. J. Surg. 6:523-536, 1919; Digestion of the Oesophagus as a 
Cause of Post-Operative and Other Forms of Haematemesis, J. Path. & Bact. 24:396-412, 1921. 

7. Moutier, F.: Acute Postoperative Esophagitis, Arch. mal. app. digest. 11:126, 1921; 
abstracted, J. A. M. A. 126:1536-1537, 1921. 

8. Winkelstein, A.: Peptic Esophagitis: New Clinical Entity, J. A. M. A. 104:906- 
909, 1935. 

9. Vinson, P. P., and Butt, H. R.: Esophagitis: Clinical Study, J. A. M. A. 106:994- 
996, 1936. 

10. Wandall, H. H.: Esophagitis: Esophageal Ulcer, Acta med. scandinav. 142:947-961, 1952. 
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Another aspect of esophagitis discussed in the recent literature is its causal rela- 
tion to hiatal hernia.'! Reports of successful resection of the esophagus for stenosis 
are appearing in increasing numbers.*? 

The results of diagnostic procedures are contained in Table 2. 

A woman, aged 58, was admitted to the hospital in impending shock. She gave 
a history of severe vomiting of three weeks’ duration associated with hematemesis 
and melena. The hemoglobin content was 12.5 gm. per 100 cc. A diagnosis of 
duodenal ulcer with pyloric obstruction and recurrent bleeding was made. At opera- 
tion the diagnosis was confirmed, and subtotal gastric resection was performed. 
The postoperative course was complicated by duodenal blowout, which healed spon- 
taneously, and by superficial phlebitis. Five weeks after operation the patient was 
readmitted because of a slight wound infection. After drainage the wound healed 
spontaneously. Fluoroscopy disclosed delay of the meal in the distal third of the 
esophagus and a small hiatal hernia. Esophagoscopy revealed eroded spongy esopha- 
geal tissue which bled easily. The pathologic diagnosis based on biopsy was acute 
esophagitis. Spontaneous recovery had taken place to the point where the patient 
was taking food without regurgitation or dysphagia at the time she left the hospital. 


TABLE 2.—Esophagitis (Seventeen Cases) 








Roent- Esophago- 
: Clinical genologic scopic Pathologic 
Diagnoses (17 Cases) (11 Cases) (10 Cases) (11 Cases) 


Esophagitis 

Neoplasm 

Cardiospasm 

Peptic ulcer 

POM... ccnaweaee chee DeSeemuaay ee 
Varices 

Congenital short esophagus.................... 
Pyogenic granuloma 


5 
2 
1 
1 
1 
0 


— es 5 89 8S 


0 
0 





PEPTIC ULCER OF THE ESOPHAGUS 
In recent years an extensive literature has grown up regarding benign or peptic 
ulcer of the esophagus.’* In this group there are 27 cases, in 22 of which the patients 


11. Allison, P. R.: Peptic Ulcer of the Esophagus, J. Thoracic Surg. 15:308-317, 1946; 
Peptic Ulcer of the Oesophagus, Thorax $1:20-42, 1948. Allison, P. R.; Johnstone, A. S., and 
Royce, G. B.: Short Esophagus with Simple Peptic Ulceration, J. Thoracic Surg. 12:432-457, 
1943. Barrett, N. R.. Chronic Peptic Ulcer of the Oesophagus and Oesophagitis, Brit. J. Surg. 
$8:175-182, 1950-51. Harrington, S. W.: Diagnosis and Treatment of Various Types of 
Diaphragmatic Hernia, Am. J. Surg. 50:381-446, 1940. Olsen, A. M., and Harrington, S. W.: 
Esophageal Hiatal Hernias of the Short Esophagus Type: Etiologic and Therapeutic Con- 
siderations, J. Thoracic Surg. 17:189-209, 1948. Redish, M. H., and Kretzner, B.: Peptic Ulcer 
of the Esophagus, Gastroenterology 18:579-586, 1951. Smithers, E. W.: Short Oesophagus 
(Thoracic Stomach) and Its Association with Peptic Ulceration and Cancer, Brit. J. Radiol. 
18:199-209, 1945. 

12. Sweet, R. H.: Subtotal Esophagectomy with High Intrathoracic Esophagogastric 
Anastomosis in the Treatment of Extensive Cicatricial Obliteration of the Esophagus, Surg., 
Gynec. & Obst. 83:417-427, 1946. 

13. Benedict, E. B.: Case Records of Massachusetts General Hospital, New England J. Med. 
237:919-921, 1947. Briggs, P. J.; Dick, R. C. S., and Hurst, A.: Simple Ulcer of the 
Oesophagus and Short Oesophagus, Proc. Roy. Soc. Med. 32:1423-1424, 1939. Cornell, A., and 


(Footnote continued on next page) 
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were males and in 5, females. Symptoms included pain, hematemesis, melena, 
dysphagia, and regurgitation, each present in 13 or 14 of the cases. These symptoms 
were absent in slightly less than an equal number. Loss of weight had been noted 
in seven patients. The most prominent objective finding was anemia, which was 
present in 10. Epigastric tenderness and cachexia each were present in six. Shock 
was present in one. Objective signs were absent in 12. 

The difficulties of diagnosis are illustrated in Table 3. 

In 13 cases, or about half this group, the ulcers were found at autopsy, esopha- 
geal pathology not having been discovered during the patients’ hospital stay. In the 
other 14, medical treatment was employed in 7 cases and surgical treatment in 7. 
Of those patients treated medically, the results were reported as good in four and as 
poor in three. Of those treated surgically, five underwent esophagectomy and 
esophagogastrostomy, with good results in four and death in 1. Of the remaining 
two cases, phrenic crush and vagotomy were employed in one, and in the other 
esophageal pack was utilized, with death in both instances. 

A private case of one of us (H. L. T.) is that of a man aged 69. He stated that 
15 years previously a diagnosis of peptic ulcer had been made. Two years later there 





TABLE 3.—Peptic Ulcer (Twenty-Seven Cases) 


Roent- Esophago- 
Diagnoses Clinieal genologic seopic 
No diagnosis 13 15 17 
Benign ulcer 
Neoplasm 
Varices (bleeding) 
Stenosis 
Hiatal hernia 
Esophagitis 


had been gastrointestinal bleeding. Thereafter he was free of symptoms for several 
years. During the last two years he had vomited acid material, usually at night. 
During the last six months there had been dysphagia and inability to swallow solids, 
resulting in a weight loss of 50 Ib. (22 kg.). Persistent hiccough had been present 
during the last two or three weeks. Findings on physical examination were negative 
except for poor nutritional state. The red blood cell count was 3,200,000, and leuco- 
cytes, 12,300. Fractional analysis yielded a maximum of 6 units of free hydro- 
chloric acid. Roentgenograms disclosed stenosis of the distal third of the esophagus. 


Also there was a large duodenal diverticulum. Esophagoscopy revealed marked 
narrowing of the distal esophagus with irregularity of the anterior wall. The biopsy 
specimen was reported inflamed, possibly from ulcer. At operation a mass in the 
distal end of the esophagus was found and thickening and edema to the level 
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of the aortic arch. A small hiatal hernia was present. Esophageal resection with 
esophagogastric anastomosis was performed. The only difficulty during operation 
was encountered at the suture lines because of marked edema of the esophageal wall. 
The specimen contained an ulcer 3 cm. in diameter. Histologically it was reported 
as chronic peptic ulcer of the esophagus. 

After operation the patient gained weight. Three months postoperatively he 
reported recurrence of dysphagia. Fluoroscopy revealed narrowing at the anasto- 
motic junction. During the ensuing months it was necessary to dilate the stenosis 
periodically with bougies. Otherwise the patient remained comfortable for approxi- 
mately two years after operation. At that time he died suddenly of severe melena. 
Unfortunately an autopsy was not obtained. 


SUMMARY 

Seventy-six cases of benign lesions of the esophagus have been reported. They 

include leucoplakia, bronchoesophageal fistula, spontaneous perforation of the 

esophagus, esophageal stenosis, esophagitis, and peptic ulcer of the esophagus. The 

clinical and diagnostic features in each group are stressed. Results in the cases in 
which surgical treatment was applied are reported. 
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N SPITE of the gratifying progress which has been made in the surgical treat- 

ment of carcinoma of the esophagus during the past few decades, the incidence 
f resectability and consequent curability remains pitifully low. This is reflected 
xy the recorded experience of numerous observers. Thus, in a collected series 
of 794 cases compiled in 1947, exploration was done in only 26.3% and resection 
in only 14.5% 1 Our own experience at that time with 200 cases was not much 
different.! Although somewhat higher figures have since been recorded, they are 
not strikingly better. In a collected series of 1,377 cases reported during the past 
five years, the incidence of resectability was 32%.* Moreover, in a high proportion 
of these cases with resection the operative procedure was admittedly not curative, 
since the lesion had already extended beyond the confines of the esophagus. 
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The results obtained for lesions involving the upper two-thirds of the esophagus 
are even more discouraging. The best results, which have been recorded by Sweet,’ 
for example, reveal that only one patient survived five or more years after operation 
among 30 with resection for carcinoma of the midthoracic esophagus. We also 
have only one such patient, and only a few others have been reported on.* 

It is apparent from these observations that a curative surgical procedure can 
be applied to only a small number of patients, since the disease has extended beyond 
the limits of the esophagus in the great majority of patients by the time surgical 
treatment is made available. There are several reasons for this discouraging picture. 
For one thing there has been late recognition of the condition owing to an inade- 
quate appreciation of the early manifestations of the disease on the part of both 
patients and physicians. For another, and perhaps more important, as emphasized 
recently by Ravitch, Bahnson, and Johns,® the fundamental anatomic relationship 
of the esophagus to other vital structures and the extensive intercommunicating 
lymphatic drainage of these organs are such as to preclude application of recognized 
principles of cancer surgery. It seems doubtful therefore that appreciable improve- 
ment in curative therapy can be attained by more extensive surgical endeavors. 
To be sure, earlier recognition of the condition would permit more effective surgical 
treatment and consequent improvement in the curability rates. While no attempt 
should be made to minimize these efforts, it must be recognized that they are 
attended with considerable difficulty and will only slowly yield relatively small gains. 

In the meantime, there exists a large number of patients with this disease, in 
fact, the great majority who suffer during the remaining months of their lives a 
most distressing symptom, namely, inability to swallow. For this reason, efforts 


directed toward alleviation of this phase of the problem deserve every consideration. 
Various measures have been proposed for this purpose, but only those which 
provide adequate palliation by prompt restoration of deglutition merit our attention. 


The different methods which have been employed to achieve this objective have 
been recently reviewed by Ravitch and his associates *® and may be conveniently 
grouped into nonoperative and operative procedures. The former include simple 
bouginage, insertion of a Souttar tube or some similar device,® and irradiation,’ 
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which with continued technical improvement may ultimately provide the most 
widely applicable means of palliation. The operative measures include a variety 
of surgical procedures depending upon the nature and location of the tumor. In 
general, however, they may be grouped in two categories, those in which resection 
is done with restoration of continuity by esophagogastrostomy, by intrathoracic or 
antethoracic esophagoplasty,* or by use of a plastic tube,? and those in which 
resection is not done and an intrathoracic or antethoracic shunting procedure is 
used to overcome the obstruction.’® 

Our experience with a number of these palliative measures has led us to the 
belief that the nonoperative methods should be limited to patients on whom no 
operative procedure is justified. This includes desperately ill patients with hope- 
lessly advanced disease, those with severe cardiac, renal, or other complicating 
lesions, and those with demonstrable malignant invasion of the tracheobronchial 
tree. In all other cases, operative measures are recommended. On the basis of our 
experience with the various surgical methods proposed, we have come to believe 
that resection of the tumor, even though all neoplastic tissue cannot be excised, 
followed by esophagogastrostomy, offers the best means of achieving prompt 
palliation. The surgical approaches which have been employed for this purpose as 
described below, can be performed, we believe, with equal, if not less, operative 
risk and with greater assurance of achieving immediate and successful palliation 
than any of the other operative methods designed for this purpose. 

In general, two surgical approaches may be employed, depending upon the 
location of the lesion. For lesions arising above the eighth dorsal vertebra, the 
combined right thoracic and abdominal approach is employed, as advocated by 


Lewis *' and others, with slight modifications.1* This approach may be combined 
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with a cervical exposure for the esophagogastric anastomosis for lesions arising 
above the level of the fourth dorsal vertebra. 


TECH NIQUE 

In preparation for operation, anemia and dehydration are corrected with trans- 
fusions and with appropriate infusions of dextrose with or without isotonic sodium 
chloride solution. Esophagoscopy is performed to localize and inspect the lesion 
and to obtain a biopsy specimen. The esophagus is cleared of any retained food 
particles, and a liquid diet is prescribed. On the evening before operation the 
patient swallows two capsules previously perforated with a pin and containing either 
oxytetracycline (Terramycin) or aureomycin (0.250 gm. each). The capsules 
usually lodge at the site of the obstruction and are useful to reduce the bacterial 
flora in the retained esophageal contents. On the morning of operation an indwelling 
nasogastric tube is inserted to the level of the lesion, and the esophagus is 
thoroughly aspirated. 

Preanesthetic medication consists either of meperidine (Demerol) hydrochloride 
(0.050 to 0.100 gm.) or of morphine sulfate (0.008 to 0.012 gm.) together with 
atropine sulfate (0.0004 to 0.0006 gm.) administered approximately one hour 
before operation. Anesthesia is induced with nitrous oxide and oxygen and during 
the operation is maintained with ether and high concentrations of oxygen by 
endotracheal insufflation. 

The patient lies supine on the operating table with a small pad under the right 
shoulder and hip to elevate this side slightly, and the right hand and arm are 
suspended by adhesive strips from an overhead standard. The table is then rotated 
about 30 degrees to the left. A curved right submammary incision is made, and 
the chest is entered through the fourth intercostal space, the fourth cartilage being 
divided near the sternum (Fig. la). For lesions located below the sixth vertebral 
body there may be an advantage in using a fifth-interspace approach with division of 
the fifth cartilage. The margins of the incision are covered with protective pads, 
and a rib spreader is introduced. By means of carefully placed moist packs and 
curved retractors the lung is displaced forward, giving adequate exposure of the 
posterior mediastinum. 


The mediastinal pleura overlying the esophagus is opened widely, dividing 
the azygos vein above the pulmonary ligament below. The esophagus proximal and 
distal to the lesion is encircled with gutta-percha drains to provide traction during 
the dissection. Whenever feasible, a strenuous effort is made to remove the lesion 
en bloc, even if that involves removal of portions of adjacent structures that may 
be safely sacrificed. In more advanced lesions, it may be necessary to leave some 
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cancer tissue on the aorta, trachea, or vena cava, but the bulk of the primary tumor 
is removed together with the esophagus in order to overcome the obstruction. 
Proximal esophageal dissection is continued to a point well above the lesion. 
Distally the esophagus is mobilized to the diaphragmatic hiatus. Upon completion 
of this dissection, the rib spreader is removed and the thoracic incision is covered 
with a sterile towel. Usually this portion of the operation requires less than one 
hour. 


When the table is rotated back to a horizontal plane, the abdominal phase of 
the operation is begun through an upper midline incision (Fig. 2a). 


The abdomen 
is explored for hepatic metastases and metastatic lymph nodes, particularly in the 


Azygos vein 
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Fig. 1—Drawing showing technique of combined right thoracic-abdominal approach. 


(a) 
With the patient lying supine a curved submammary incision is used for thoracotomy and an 
upper midline incision for the abdominal incision. 


(b) Stomach has been mobilized and drawn 
through the dilated hiatus into the right pleural cavity. Clamps are applied at the esophago- 
gastric junction and the esophagus is transected between them. 


left gastric group. If possible, metastatic nodes along the lesser curvature of the 
stomach are removed, but even when the left gastric nodes are massive, the stomach 
has been prepared for transplantation into the thorax. Beginning on the greater 
curvature of the stomach, the left gastroepiploic vessels and short gastric vessels 
to the spleen are divided, preserving the gastroepiploic arcade of vessels. On the 
lesser curvature of the stomach, the left gastric artery and vein are divided close 
to the celiac axis. The abdominal portion of the esophagus and cardia is exposed 
by incising the peritoneal reflexion at the esophageal hiatus. Phrenic vessels and 
vagus nerves are ligated and divided. Blood supply for the stomach is maintained 
through the right gastric and right gastroepiploic vessels. Ordinarily this mobiliza- 
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tion is sufficient to allow the stomach to be drawn into the apex of the right pleural 
cavity. If the esophagogastric anastomosis is to be done in the neck, incision of the 
peritoneal reflexion lateral to the duodenal curve with mobilization of the duo- 
denum and pancreas may provide added length to the stomach without impairing 
its blood supply. 

In some early cases, persistent and troublesome gastric retention developed, 
probably as a result of gastric atony and pyloric obstruction because of absence of 
vagal tone. To avert these troublesome manifestations a pyloromyotomy of the 
Fredet-Ramstedt type is now routinely done (Fig. 2b). The serosal and muscularis 
layers of the gastric wall are incised on the anterior surface of the pylorus for a 
distance about 4 cm. proximal to the duodenum and pyloric vein. As the muscle 
coat is divided, the underlying mucosa is freed and bulges into the pyloromyotomy 
incision. 

The towel is removed from the thoracotomy incision, and the rib spreader is 
reinserted. By introducing the fingers of the left hand into the hiatus from the 


Duodenum 


Fig. 2—Drawing showing technique of combined right thoracic-abdominal approach. (a) 
Upper midline incision to explore abdomen and mobilize stomach for intrathoracic transplanta- 
tion. (b) Pyloromyotomy is performed by incising the serosa and muscularis on the anterior 
surface of the pylorus. 


thoracic side and the fingers of the right hand into the hiatus via the abdominal 
incision, the hiatus may be streched gently to about twice its usual size. As traction 
is made on the thoracic esophagus, the stomach is threaded easily through the 
enlarged hiatus. The abdominal phase of the operation is complete, and the 
abdominal incision may be closed as the thoracic phase is continued. 

After the stomach has been drawn into the thorax, the cardiac end of the 
esophagus is divided between clamps (Fig. 1b). The distal stump is closed in 
layers by inversion, using continuous chromic 000 absorbable surgical (gut) and 
interrupted Lembert 000 black nonabsorbable surgical (silk) sutures (Fig. 3). 

The stomach is drawn posterior to the hilus of the lung and to the proposed 
site for anastomosis to the esophagus. Moist packs and curved retractors are again 
applied to the lung in order to depress the apex and allow exposure of the superior 
mediastinum. The lower two-thirds of the right lung may be continuously inflated 
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during the remainder of the operation. In all instances, irrespective of the level of 
the lesion in the lower or midthoracic esophagus, the anastomosis is done above 
the level of the divided azygos vein. A site on the anterior surface of the gastric 
fundus is selected for the anastomosis, which is done entirely with interrupted 


Greater curvature 


Fig. 3.—Drawing showing technique of combined right thoracic-abdominal approach. (a) 
Closure of gastric stump showing second inverting layer of continuous Lembert 000 gut. (b) 
Third layer of closure with interrupted Lembert sutures of fine silk. 
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Fig. 4—Drawing showing technique of esophagogastrostomy. A posterior row of inter- 
rupted 000 black silk sutures is used to approximate the posterior surface of the esophagus to 
the anterior wall of the stomach. 


Lembert sutures of fine black silk. The first row of 000 sutures is placed through 
the muscle coat of the stomach and esophagus (Fig. 4). An incision is made into 
the lumen of the esophagus and stomach parallel and distal to the previously placed 
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sutures (Fig. 5a). Vessels in the submucosa of the stomach may be ligated, but 
bleeding from the esophagus is usually not a problem. An inner row of 0000 
sutures is inserted, which includes all layers of the esophagus and stomach, and 
the knots are tied on the inside (Fig. 5b). As the anastomosis is continued in its 
anterior circumference, the esophagus, which has been used for traction, is ampu- 
tated. The circumference of the anastomosis may be enlarged by splitting the 
esophagus 2 or 3 cm. in a longitudinal direction.1* After the inner layer of sutures 
is placed, the outer row of 000 sutures is completed (Fig. 5c). The nasogastric 


Fig. 5.—Drawing showing technique of esophagogastrostomy (continued). (a) Parallel in- 
cisions are made in the esophagus and stomach immediately adjacent to the first posterior row 
of sutures. The second posterior row of interrupted sutures is then applied incorporating all 
layers of the esophagus and stomach. (b) Anastomosis is continued anteriorly as the esophagus 
is amputated. (c) Anastomosis is completed with a final outer row of interrupted sutures and the 
stomach is anchored by multiple sutures to the parietal and mediastinal pleura. Notice the level 
of the anastomosis in relation to the divided azygos vein. 


tube is threaded into the stomach, and suction is applied. The stomach is anchored 
in the upper thorax by multiple sutures to the mediastinal and parietal pleura in 
order to prevent traction on the line of anastomosis when the patient resumes the 
upright position. This completes the intrathoracic phase of the procedure, and 
the lung is inflated completely. Through an intercostal stab wound a small poly- 


13. DeBakey, M. E., and Ochsner, A.: Subtotal Esophagectomy and Esophagogastrostomy 
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ethylene catheter is inserted into the pleural space for water-sealed drainage, and 
the thoracotomy incision is closed in layers. 

For lesions involving the esophagus above the level of the fourth dorsal vertebra, 
the esophagogastric anastomosis is done in the neck through still another incision. 
The cervical incision in such cases is made transversely 2 cm. above and paralleling 
the right clavicle from the midline to a point lateral to the clavicular head of the 
sternomastoid muscle, and the carotid sheath is retracted laterally (Fig. 6). The 
cervical esophagus is then mobilized for anastomosis when the stomach is drawn 
into the cervical incision. The actual technique of the anastomosis in the neck is 
identical with the one already described for lower lesions. Upon completion of the 
cervical anastomosis the stomach may be anchored by sutures to the adjacent 
prevertebral fascia and scalenus anticus muscle and also to the apex of the pleural 
cavity. 


Level of 1 
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Fig. 6—Drawing showing (a) technique of cervical esophagogastrostomy, and (b) place- 
ment of incisions for this purpose. 


In the latter procedures, involving three separate incisions, the sequence in which 
the cervical, thoracic, and abdominal incisions are made may be varied, depending 
upon the level of the lesion and other factors. In general, whenever possible, it is 
desirable to plan the procedure so that the actual time the thorax is open is kept 
to a minimum. In Case 8, for instance, in which the lesion was located 3 cm. distal 
to the criopharyngeus muscle in the cervical esophagus, the incision in the neck 
was made first to ascertain the presence of sufficient normal esophagus above the 
lesion to permit anastomosis. The abdominal phase was then performed, and the 
stomach was prepared for its transthoracic mobilization into the neck. By doing the 
intrathoracic dissection and esophageal mobilization last, the period of time that 


the thorax was open was reduced significantly, offering a distinct advantage in 
operating upon an aged and debilitated patient. For the same reason, in lesions 
involving the middle and lower thirds of the thoracic esophagus it may be desirable 
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to perform the abdominal dissection first and delay until later the intrathoracic 
phase, including mobilization of the lesion and anastomosis. 

In the postoperative period, precautions must be taken to prevent regurgitation 
and aspiration of gastric contents. This complication can be largely averted by 
employing intermittent gastric suction during the days immediately after operation. 
The bed is maintained at all times in a semi-Fowler position. On the third or 
fourth day after operation, oral intake beginning with liquids is resumed gradually, 
and several days later when peristalsis returns, a soft diet may be substituted. 
Careful attention to the possibility of excessive gastric retention and reinsertion of 
the nasogastric suction may prevent serious pulmonary complications. Pulmonary 
complications are minimized by preservation of diaphragmatic function, which is 
an important advantage of this procedure. Inasmuch as cardiovascular disease is 
prevalent in such patients, care should be exercised to avoid giving excessive intra- 
venous fluids and infusions, particularly those which contain saline solution. 
Ordinarily, only enough dextrose solution (5% in distilled water [1,000 to 2,000 
cc. daily]) is administered intravenously to maintain a normal urinary output. 
Antimicrobial agents, usually penicillin and streptomycin, are administered to all 
patients after operation and are unquestionably responsible for the reduced incidence 
of postoperative infections. 

COMMENT 


After the adoption approximately a year ago of the policy to provide surgical 
palliative therapy, i.e., prompt restoration of deglutition, to all patients with 
carcinoma of the esophagus for whom operation seemed feasible, this method of 
surgical management has been used for all patients observed in our surgical service. 
This is essentially the policy espoused by Chamberlain ** in his recommendation of 
the combined abdominal right thoracic approach. In no way does it signify a 
defeatist attitude, since there need be no compromise in the extent of the operation 
in terms of the desideratum of a curative resection. Indeed, such a procedure is 
believed to facilitate this objective. The important feature of this policy, however, 
is the underlying concept that resection is possible in all cases, even though it will 
be curative in few of them, in order to achieve prompt and effective palliation. 

There have been nine consecutive patients treated in this manner, all with the 
disease advanced beyond the possibility of cure (Table). In all, the procedure was 
accomplished in one stage. Most of the patients were in a severely debilitated state, 
and some had obvious impairment of cardiac, pulmonary, and renal function (Fig. 
7). There were no operative deaths and no serious complications. All received 
prompt palliation. 

To be sure, this is too small a group of cases from which to derive firm con- 
clusions. The consistency of the experience, however, and the highly satisfactory 
results obtained in terms of the palliative objective sought have impressed us with 
its value. This conviction has been strengthened by the superiority of these results 
over those previously obtained by us with other methods of palliation. 

This experience, too, has highlighted certain technical considerations. First 
and foremost is the fact that the combined right thoracic and abdominal approach 
for lesions situated above the eighth dorsal vertebra provides significant advantages 
over the left thoracic approach. These advantages, previously emphasized by a 


14. Chamberlain, J. M., in discussion on Kent and Harbison, J. Thoracic Surg. 19:569, 1950. 
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number of observers,’* provide the basis for the aforementioned policy in the 
management of this problem. Thus, by greatly facilitating the performance of the 
operative procedure, it becomes possible to carry out the policy in all or almost all 


Fig. 7—Photograph of patient with carcinoma of the esophagus at the level of the eighth 
dorsal vertebra, taken one week after operation, showing extreme emaciation, advanced pul- 
monary emphysema, and right hemiplegia of two years’ duration, manifested by a claw hand. 
In spite of his unusually poor conition, the patient tolerated operation well and is now able to 
swallow normally. 


Consecutive Cases of Carcinoma of the Esophagus in Which Resection 


and Esophagogastrostomy Were Performed 











Vertebral 
Level of 
Age, Yr. Race Sey Lesion Operation and Date Result 
76 w } 5 Thoracic-abdominal, Alive, 13 mo. 
0/29/51 


46 N } 1 Thoracic-abdominal, Alive, 9 mo. 
2/21/52 


65 Ww ) Thoracic-abdominal, Alive, 8 mo. 

4/11/52 

Thoracic-abdominal, Alive, 7 me. 
5/13/52; pyloromy- 
otomy, 8/7/52 

Thoracic-abdominal, Died, 8/23/52 
5/15/52 (survived 3 mo.) 

Thoracic-abdominal Alive, 3 mo 
with pyloromyotomy, 
9/4/52 

Thoracic-abdominal Alive, 2% mo. 
with pyloromyotomy, 
9/30/52 

Cervieal-thoracic-abdom- Alive, 2 mo. 
inal with pyloromyotomy, 
10/2/52 

Thoracic-abdominal Alive, 3 wk. 
with pyloromyotomy, 
11/20/52 


patients, most of whom, at least in our experience, would otherwise be denied 
effective palliative therapy. 

We are in accord with Harrison and Pickett *** that the supine position of the 
patient, whether or not a cervical esophagogastrostomy is necessary, is preferable. 
To be sure, it does not provide as ready access to the posterior mediastinum and 
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esophagus as the left lateral position, but it is technically feasible, better supported 
by the patient, and avoids the necessity of additional manipulation and movement 
of the patient during the operation. The fourth interspace with section of the fourth 
costal cartilage is preferred over the third interspace, as recommended by Harrison 
and Pickett, because it seemed to provide adequate exposure for the upper portion 
of the esophagus and better exposure for the lower portion. For the abdominal 
approach, we agree with Mathewson and Cohn that an upper midline incision is 
preferable to a left paramedian or a subcostal incision as previously recommended, 
because it provides adequate exposure and facilitates both the opening and the 
closure of the incision. Sectioning of the right crus of the diaphragm, as recom- 
mended by Macmanus,’® has not been found necessary, since in all of our patients 
an adequate opening in the hiatus was provided by gentle digital stretching. We 


é - 


160/76 wore BS | 
Ys MOSPITAL is * 3 | 
wOUSTON Km - 
3/ JUL * 


Fig. 8.—(a) Roentgenogram of barium-filled stomach showing pyloric obstruction in a patient 
two and one-half months after esophagogastrostomy following resection for carcinoma of esopha- 
gus (Case 4, Table). (b) Roentgenogram following ingestion of barium taken 10 days after 
pyloromyotomy, showing relief of obstruction. 


believe that delay in emptying of the stomach is not related to obstruction at this 
site, but is due to pylorospasm. 

Like others, we have been impressed with the frequent occurrence of trouble- 
some symptoms of poor gastric motility and apparent hypertonicity of the pylorus 
following esophagogastrostomy. In one patient this condition lasted several months, 
and roentgenographic studies following ingestion of barium strikingly demonstrated 
the presence of pyloric obstruction (Fig. 8a). For this reason a pyloromyotomy 
was performed, and the patient was immediately relieved (Fig. 8b). Since then 
we have adopted this procedure as a routine part of the operation and have been 
impressed with the absence of symptoms of delayed gastric emptying. 


15. Footnotes 9b and 12e. 
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We believe that there are two advantages of this approach that deserve addi- 
tional emphasis. One advantage is the facility with which the anastomosis may be 
done at a relatively high level in the esophagus, which permits adequate resection 
of the esophagus above the lesion. The other, perhaps of greater importance, is 
the possible protection such a high anastomosis may provide against postoperative 
esophagitis and stricture formation. In fact, Valdoni '* has employed this procedure 
in the treatment of esophagitis and stricture formation and recommends its use 
after resection and esophagogastrostomy. 


SUMMARY 


Experience has shown that a large proportion of patients with carcinoma of the 
esophagus, in fact the great majority of them, are not amenable to curative surgical 
therapy, owing to the advanced nature of the lesion by the time surgical treatment 
is made available and the inherent anatomic relationship of the esophagus to other 
adjacent vital structures. For this reason, efforts directed toward alleviation of 
the most distressing symptom of this disease, namely, inability to swallow, deserve 
serious consideration. Only those measures which provide adequate palliation by 
prompt restoration of deglutition merit attention. 

The various measures proposed for this purpose may be classified into non- 
operative and operative procedures. The former include simple bouginage, insertion 
of a rigid tube, and irradiation. The latter include a variety of surgical procedures 
designed to overcome the obstruction by a shunt procedure without resection or 
to restore continuity of the alimentary tract with resection of the lesion. The 
nonoperative methods should be limited to patients for whom no operative procedure 
is justified, including the desperately ill patients with hopelessly advanced disease, 
those with severe cardiac, renal, or other complicating lesions, and those with 
demonstrable malignant invasion of the tracheobronchial tree. In all other cases 
operative measures are recommended. 

Our experience has led us to the belief that resection of the tumor, even though 


all neoplastic tissue cannot be excised, followed by esophagogastrostomy offers the 


best means of achieving prompt palliation. In general, two surgical approaches 
may be employed for this purpose, depending upon the location of the lesion. For 
lesions arising above the eighth dorsal vertebra, the combined right thoracic and 
abdominal approach is used as originally advocated by Lewis,"* with certain modi- 
fications, and for lesions arising above the level of the fourth dorsal vertebra, this 
approach is combined with a right cervical exposure for the esophagogastric 
anastomosis. Either the left transthoracic or the combined right thoracic-abdominal 
approach may be used for lesions located below the level of the eighth dorsal 
vertebra, the former being possibly preferable except for those lesions located at 
the cardia. 

In recommending the combined right thoracic-abdominal approach, emphasis is 
placed upon the underlying concept that resection can be done in all cases, even 
though it will be curative in only a few, in order to achieve prompt and effective 
palliation. The advantages of this approach, greatly facilitating the performance of 
the operative procedure, make it possible to carry out this policy in almost all 


16. Valdoni, P.: Traitment radical des sténoses cesophagiennes: La prévention de l’cesopha- 
gite peptique post-opératoire, Presse méd. 59:1216, 1951. 
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patients with carcinoma of the esophagus. This belief is supported by our experi- 
ence with nine consecutive patients in whom the operation was done in one stage, 
with no serious complications and no deaths and with prompt and effective 
palliation. 


Certain technical modifications of the procedure are described, including, par- 
ticularly, pyloromyotomy to prevent symptoms of pyloric obstruction and high 
esophagogastric anastomosis to prevent stricture formation. 


DISCUSSION 
On Papers BY Drs. THOMPSON AND GREGORY AND Drs. DEBAKEY AND COOLEY 


Dr. GuNTHER W. Nacet, San Francisco: I have been very interested in both ef these 
papers, but to be perfectly honest I will say that the reason for my arising is not se much to 
discuss them as to say something about my own experience. 

I am going to be somewhat different in one other regard. Most persons like to talk about 
their successes. I do, too, but in this particular instance I am going to talk about my failures. 

[Slide] In 1945, before this Association I presented a paper on resection of the esophagus 
for carcinoma with a primary anastomosis, in which I also described a few instances of esopha- 
gocardioplasty done for megaesophagus. I am going to confine my remarks to the latter 
procedure. 

At this point the operation was still a success, and I showed this slide in 1945. Here is the 
megaesophagus, with the narrow point here. Here, postoperatively, after a Judd type of anasto- 
mosis, you see the brilliant result that was achieved. The patient was grateful and happy. 

[Slide] Unfortunately, here you see a completely unsuccessful result; as a matter of fact, 
the condition is worse than it was before. What has happened here is that the food was allowed 
to go down into the stomach, but at the same time what we did not think about was that the 
contents of the stomach were allowed to regurgitate back into the esophagus and esophagitis 
developed. 

[Slide] When these patients have esophagitis, they are really miserable. Not only do they 
have obstructive symptoms, but they have pain, and they bleed. Their condition is serious. 

This procedure was done in 12 such cases. I wish I had not done it, of course, and how the 
number of cases grew to be 12 I do not know. One of the reasons was that in the first two cases 
the patients did well. They are the only ones who did well. Just why that was, I do not know. 
Perhaps someone else can explain it. This slide was made some time ago, and this patient is 
still well. In all the other cases, however, the results were considered failures. 

It isn’t just our own experience—I think every one who is doing this work realizes now 
that we should not do cardioesophagoplasties. There is an interference with the mechanism 
at the cardia which prevents regurgitation back into the esophagus. 

Barrett and Franklin, in England, were the first men to point out this fact—at least, the 
first to write about it specifically, and that was in 1949. I presented a report on this series of 
cases before the Pacific Coast Surgical Society last year. Since then Kirklin, at the Mayo 
Clinic, with his associates, also has reviewed this work and has come to the same conclusion. 

[Slide] Is there something that can be done? You might say that I should hesitate, after 
presenting this failure, to present another operation which I think will be successful in cases 
such as these, but now I am quite sure the procedure of choice is shown here. 

Interestingly enough, it was available to us in 1913. It is the Heller procedure. As you can 
see, it is simply an adaptation of the Fredet-Ramstedt operation applied to the cardia rather 
than to the pylorus. Technically it differs in this respect, that the muscle is not hypertrophied. 
Indeed, if anything, the muscle is usually thinned out, particularly over the stomach. Conse- 
quently, one has to be very careful not to open into the stomach. 

In that regard I disagree with Wangensteen, who advises opening the stomach and putting 
the finger in and cutting down onto the mucosa. I do not approve of that procedure because 
I think the operation should be kept closed in all circumstances. 

[Slide] The English surgeons have done this long enough so that we can say—and they are 
the ones who also recognized this postoperative esophagitis following this plastic procedure— 
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they have been very much aware of it, and have followed their cases very closely, and they are 
satisfied that that does not occur with the operation just described. Follow-ups in the cases in 
which we have performed this operation (six or seven cases) over a sufficiently long period 
make us sure that esophagitis does not develop. 

In addition, the roentgenologist makes a special effort, after these operations, to see if he 
can get a little barium up into the esophagus. It is difficult to do that. The sphincter action, for 
some reason or other, remains. 

Here is a case in which we did a Heller procedure. This is the preoperative picture. This 
patient had had this condition for many years. Dilation was done, with temporary relief, but 
this measure finally failed. We then operated. 

[Slide] The Heller procedure was used, and this is the postoperative result. The barium 
comes down very readily through the cardia, but it does not regurgitate. The patient has been 
well for a sufficient length of time for me to be fairly sure that at least an esophagitis is not 
going to develop. 

[Slide] This is incidental, another benign lesion, a large diverticulum, the operation for 
which was successful. 

Dr. CHar_es Puestow, Chicago: It is gratifying to know that the esophagus is getting 
due recognition. There are specialists in gastroenterological disease who call themselves gastro- 
enterologists and who write in journals of gastroenterology, totally ignoring the esophagus. 

3oth these papers are extremely interesting. We have been amazed at the involvement of 
the esophagus associated with peptic ulcer. In 100 patients who have had gastric resections, we 
have made direct esophagoscopic studies, and the incidence of inflammation and hypersecretion 


is extremely high. We have had three patients in whom esophageal ulcers and subsequent 


stricture developed following gastric resection. 

Carcinoma of the esophagus is not an infrequent disease. At Hines Hospital, in the last 
five years, we have encountered, in comparison with 606 carcinomas of the lung, 495 carcinomas 
of the colon, 280 carcinomas of the stomach, and 135 carcinomas of the esophagus. 

In other words, in our area, among the male adult population there is one carcinoma of the 
esophagus for every two carcinomas of the stomach, for every three carcinomas of the colon, 
and for every four carcinomas of the lung. 

There is nothing more distressing than to see a patient starve to death because he cannot 
swallow. Palliation in these lesions is extremely important. Personally, we prefer the left- 
sided approach because it means a single operation, unless we have to go into the neck through 
the abdomen and the right chest. The approach, I think, is a very satisfactory one, and does 
give a better opportunity to dissect the tumor off the arch of the aorta. 

We have a great deal to offer these patients from a palliative point of view. If we can 
relieve their obstruction, even though we cannot cure the disease, the remaining life of the 
patient is far more pleasant. I believe if we can educate the profession to the early symptoms 
of carcinoma of the esophagus, in time we will have a higher rate of cure than we have in 
carcinoma of the stomach. 

The great majority of the patients come to us after they have lost 25 to 100 Ib. (11.8 to 
45.4 kg.) in weight and have been unable to swallow for many months. The first symptom of 
carcinoma of the esophagus is loss of appetite. Difficulty in swallowing and substernal discom- 
fort come later, but even when they present themselves the diagnosis and treatment often is 
delayed for a long period of time. 

My appeal is that we be esophagus-conscious, that we think about the early symptoms of 
dysphasia and substernal discomfort following a preliminary loss of appetite 

Dr. CARLETON MATHEWSON, JR., San Francisco: At a meeting of the Western Surgical 
Association in Santa Barbara three years ago, I reported our experience with the combined 
right thoracic and abdominal approach for resection of carcinoma of the upper two-thirds of the 
thoracic esophagus. We emphasized at that time the ease of dissection in the right chest as 
compared with the left, and pointed out that in our experience carcinoma in this portion of 
the esophagus had almost invariably advanced to the point that curative resection could not 
be conducted by the time the symptoms occurred. 

For this reason in most of our cases resection was done as a palliative measure. 
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We agree with Drs. DeBakey and Cooley that palliative resection, particularly when the 
lesion is adherent to the aorta, can be undertaken through the right chest with much greater 
safety and ease than through the left chest. In no patient that we have operated on through 
the right chest have we been forced to abandon the resection because of fixation of the tumor 
in the mediastinum. 

We feel rather certain that in many, had we approached the tumor through the left chest, 
resection would have been too hazardous, if not impossible. On two occasions we have success 
fully removed carcinoma of the cervical esophagus through combined incisions in the neck, 
right chest, and abdomen, and we are convinced that the procedure was greatly facilitated by 
the right thoracic approach. 

May I emphasize again that our experience has shown that the majority of these resections 
are for palliation. In our hands, at least, the combined right thoracic and abdominal approach 
is not only safer, but more certain to allow palliative resection, particularly in lesions of the 
upper two-thirds of the esophagus. 

May I make just one comment in regard to Dr. Puestow’s statements. I am very much 
afraid that carcinomas of the esophagus cause symptoms only when they have completely 
encircled the esophagus, and by that time, in our experience, at least, they have usually extended 
beyond the possibility of curative resection. 

The earliest carcinoma of the esophagus that I have had the opportunity of seeing was one 
that was picked up in a roentgenogram that was made, not because the patient was having any 
difficulty swallowing, but to outline the posterior border of the heart. The roentgenologist 
noticed a very small defect in the esophagus. Fluoroscopy was done, and a very small carcinoma 
confined to about one-quarter of the circumference of the esophagus was found. 

We felt that here we had a patient whom certainly we had the opportunity to cure. At 
operation we found a very small tumor, which was easily resected. There seemed to be no 
evidence of local extension or palpable metastasis. Unfortunately, the patient died of cardiac 
disease soon after the operation. At autopsy, we found in the opposite side of the chest two 
large metastatic lesions that had not been seen during the resection because we were operating 
in the other side of the chest. 

Dr. WiLtiAM B. Hutcuinson, Seattle: Dr. DeBakey spoke of the palliative procedure for 
the treatment of carcinoma of the esophagus, rather than the curative treatment. I feel that 
most of us agree that these tumors are not being cured, probably because of the biological 
behavior of the tumor. 

We had a discussion of this subject at the North Pacific Surgical Association recently, and 
a radiotherapist, Dr. Buschke, of Seattle, entered into the discussion. He showed his results 
with roentgen therapy, and I should like to have Dr. DeBakey’s opinion about this. His results 
were better than any presented by other surgeons. The results were of longer duration, and the 
Cases were proved by biopsy. 

I wonder if it might be a field in which palliation could be achived with x-ray therapy more 
easily and more satisfactorily and with less discomfort to the patient, than a more massive 
procedure such as was outlined. 

Dr. HAROLD Lincotn THompson, Los Angeles: I want to thank the discussers for their 
interest in these benign conditions. Benign tumors of the esophagus are the subject of another 


paper. Before this group four years ago, and again three years ago, we reported our early 
experience with malignant tumors of the esophagus. 


We believe esophagitis is a very common condition. We believe it occurs in nearly every 
person who experiences pain on regurgitation of acid material from the stomach into the eso- 
phagus. You all know how common distress is in the aerophagic person, in the person who has 
heartburn, and in those who have pain arising from the retrosternal region and the suprasternal 
notch. I have seen esophagitis come and go esophagoscopically. I think it is a very important 
condition and should not be neglected, especially when it is so easily handled, as Jackson pointed 
out, by the use of bismuth subcarbonate, dry on the tongue. 

Dr. Denton Coorey, Houston, Texas: In answer to Dr. Hutchinson’s comment, I should 
like to state that although we have presented this technique as a palliative procedure for 
carcinoma of the esophagus this in no way detracts from our attempts to do an en bloc dis- 
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section wherever possible. As Dr. Mathewson has already stated, however, is most instances 
the best that can be achieved is a palliative operation. Where ever possible we attempt to 
remove the tumor, regional nodes, and any adjacent resectable structure to which the tumor is 
attached. In practically all instances the tumor is resected in order to allow the patient to 
swallow after operation. 

There are several points I should like to emphasize. In all of our patients we have done 
a high anastomosis, irrespective of the level of the original lesion. Even in lesions arising below 
the level of the eight dorsal vertebra, the anastomosis is done well above the level of the azygos 
vein. We feel, as does Valdoni, in Rome, that a high anastomosis reduces the serious complica- 
tion of postoperative esophagitis and stricture formation at the site of the esophagogastrostomy. 

In our earliest cases, we, like others, encountered gastric retention in the transplanted 
stomach in some patients. This complication is undoubtedly due to a combination of gastric 
atony and pylorospasm in the totally vagotomized stomach. 

[Slide] The first two slides illustrate the importance of combining pyloromyotomy with the 
esophageal resection. This roentgenogram was made four hours after the ingestion of a barium 
meal, in a patient who had undergone esophagectomy some four months previously. Notice the 
almost complete pyloric obstruction. At this time he was readmitted to the hospital where a 
pyloromyotomy was performed through the original abdominal incision. 

[Slide] This barium study of the stomach illustrates the result of that operation. Notice 
that the doudenum fills rapidly after ingestion of barium, and, interestingly enough, this patient 
experienced a mild dumping sensation after pyloromyotomy. Now we routinely employ pyloro- 
myotomy in all patients with esophagectomy and esophagogastrostomy. 


(Slide) I present this slide to illustrate a second important point. In order for a procedure to 
be valuable as palliation it must be applicable to almost all patients regardless of the degree 
of starvation or other complicating features. This man was 68 years of age and had lost 40 Ib. 
(18 kg.) before he was finally hospitalized. Esophageal obstruction had been almost complete 
for two months. In addition, he had advanced pulmonary emphysema and a total right hemi- 
plegia as a result of a cerebral accident two years previously. He was certainly a poor 
operative risk. The second photograph was made eight days after his operation, and the 


improvement in his general condition is apparent. Although the tumor itself was extensive and 
involved pericardium, prevertebral fascia, and abdominal nodes, the palliative objective was 
achieved, and he now swallows normally and is comfortable. 





DISSECTION OF THE SUPERIOR MEDIASTINUM FOR THYROID CANCER 


H. J. McCORKLE, M.D. 
COOPER DAVIS, M.D. 
MAURICE GALANTE, M.D. 
AND 


J. B. deC. M. SAUNDERS, F.R.C.S. 
SAN FRANCISCO 


N CANCER of the thyroid gland the downward spread of the disease by way of 

lymphatic vessels extending below the isthmus to nodes lying within the anterior 
portion of the superior mediastinum has been observed both at operation and at 
autopsy. The following anatomical dissections were done in order to devise a 
method for surgical removal of the tissues below the thyroid in continuity with the 
anterior superior mediastinal structures. 

The customary transverse lower cervical thyroidectomy incision was enlarged 
downward with a vertical incision in the midline to expose the upper three-fourths 
of the sternum. The sternum was divided vertically downward from the sternal 
notch to the level of the fifth intercostal space, then transversely into each fifth 


intercostal space as far laterally as the internal mammary vessels, which were 
isolated and ligated. The pleurae were dissected laterally away from the anterior 
superior mediastinal structures to the phrenic nerves on each side. The phrenic 
nerves mark the lateral boundaries of this dissection. The removal of the medias- 
tinal structures begins inferiorly, and the areolar tissue is dissected away from 
the pericardium. 


The great majority of the lymphatic nodes and vessels draining the thyroid 
inferiorly have been found to be, together with remnants of the thymus, buried in 
a mass of areolar and fatty tissues which extends in continuity from the thyroid to 
the pericardium from above downward and laterally to the root of the lung on 
either side. Because of its resemblance, this mass of tissue with its contained 
structures may be termed with convenience the “thyrothymic omentum.” Inferiorly, 
the thyrothymic omentum forms a relatively free border which is readily defined 
and may be isolated with ease. As the omental-like mass is elevated and turned 
back, the thymic vein or veins are exposed entering the left innominate vein, where 
they are divided and ligated. Extension of the dissection laterally toward the root 
of the lung on either side reveals the phrenic nerves. However, the phrenic nerves 
are most easily identified at the point where they cross the internal mammary 
vessels when the latter structures are followed superiorly to the region where they 
sneer. 

From the Divisions of General Surgery and Anatomy, University of California Medical 
School. 

Read at the Sixtieth Annual Meeting of the Western Surgical Association, Houston, Texas, 
Dec. 5, 1952. 
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pass deeply in a posterior direction toward their origin from the great vessels at 
the root of the neck. After the phrenic nerves on either side are identified and 
traced downward, the mass of fatty tissue is freed in the region of the root of the 
lung and is still further elevated. Since the thyrothymic omentum is in direct 
continuity in the thyroid gland and other facial structures of the lower anterior 
aspect of the neck, it may now be removed with them in a single block. 

When the feasibility of this procedure had been demonstrated by anatomical 
dissections, it was applied to certain selected patients with thyroid cancer. Some 
of these patients had already had complete thyroidectomy, and in others the medias- 
tinal dissection was done at the time of complete thyroidectomy. The latter appears 
preferable because the structures are easier to identify, and dissection is much more 
readily done in absence of tissue reaction from a previous operation. When indicated, 
lateral dissection of the neck has been done at the same time as the thyroidectomy- 
mediastinal dissection. This, however, may result in a rather lengthy surgical 
procedure. Neck dissection may therefore preferably be done later in staged 
operations. It may be observed that the lymph nodes of the neck are readily 
examined at follow-up visits, whereas those in the mediastinum are not. 

Anesthesia is provided as for transthoracic operations. The neck and anterior 
thorax are widely prepared and draped for the surgical removal of mediastinal 
structures, which proceeds exactly as indicated in the description of the anatomical 
dissection. Considerable caution is necessary to prevent injury to the pleurae. 
Actually the mediastinal part of the dissection is less difficult than the total thyroid- 
ectomy in which great caution is required to preserve the parathyroids and the 
recurrent laryngeal nerves. Considerable care is taken to use clean dissection and 
to maintain complete hemostasis. When this is done, it seems preferable to close 
the wounds without drainage. If, however, the dissection has been unusually diffi- 
cult and traumatic or if there is persistent oozing of blood, drainage is required. 
The sternum is accurately and firmly secured with stainless-steel wiring. The 
postoperative course of these patients usually is less difficult than in most thoracic 


surgical cases, and the mediastinotomy apparently causes little temporary discomfort 


and no permanent disability. 
The following cases of thyroid cancer were selected for anterior superior 
mediastinal dissection. 


Case 1.—A. S., a woman aged 51, had a total thyroidectomy for adenocarcinoma of the thy- 
roid gland on March 6, 1952. At the time of operation two enlarged lymph nodes containing 
thyroid cancer were found below the isthmus in the region of the left inferior pole of the thyroid, 
and these nodes were removed together with the carcinomatous thyroid gland (weight, 175 gm.). 
Dissection of the anterior superior mediastinum was done on May 1. The specimen contained 16 
lymph nodes, none of which contained microscopic evidence of metastatic thyroid cancer. This 
patient had very little postoperative discomfort and left the hospital on the seventh postoperative 
day. She has no disability from the operation. 

Case 2.—R. C., a man aged 60, had a total thyroidectomy on April 21, 1952, for a large 
nodular carcinoma of the thyroid gland (undifferentiated cellular pathology). There was a 
large substernal extension of the left side, 6 cm. in length, in which there were lymph nodes 
containing thyroid cancer. 

Mediastinal dissection was done on May 13. Of 35 lymph nodes removed in the specimen, 
18 contained metastatic thyroid cancer. 

On July 18, a left radical neck dissection was done. Of 37 lymph nodes removed, 3 contained 
thyroid cancer. 





800 A. M. A. ARCHIVES OF SURGERY 


Case 3.—A. P., a woman aged 40, underwent surgical exploration of the neck and media- 
stinum for an undifferentiated carcinoma of the thyroid gland on May 15, 1952. The entire su- 
perior mediastinum was solidly infiltrated with an extension of thyroid cancer; the innominate 
vein was surrounded with neoplastic tissue which extended upward, compressing and invading 
the left carotid artery. There was considerable compression of the trachea. Obviously the 
tumor could not be completely removed. Tracheotomy was done and a part of the tumor excised 
to give the patient some palliation. 

Case 4.—O. V., a man 62 years of age, had a mixed papillary and undifferentiated carcinoma 
of the thyroid originating in the right lobe and extending into the anterior superior mediastinum, 
involving the trachea and innominate veins. It was obviously impossible to remove all the 
disease. The bulk of the tumor was removed for decompression, and tracheotomy was performed. 

Case 5.—M. K., a 22-year-old woman, had a total thyroidectomy for papillary thyroid car- 
cinoma on Feb. 7, 1951. A hard nodule 4 mm. in diameter was found in the left lobe. There 
was one enlarged firm lymph node just below and to the left of the isthmus which contained 
metastatic carcinoma. On July 11, a left radical neck dissection was done and 28 nodes were 
removed, 8 of which contained metastatic thyroid cancer. Mediastinal dissection was done on 
July 17, at which time 6 nodes were found in the dissected specimen. 

Case 6.—A. C., a woman 27 years of age, underwent a one-stage total thyroidectomy and 
left radical neck and mediastinal dissection for a papillary adenocarcinoma of the thyroid. 
Four of 10 cervical and 1 of 18 mediastinal lymph nodes were found to contain carcinoma. 


SUMMARY 


It has been observed that thyroid cancer may spread to lymph nodes below the 
thyroid gland and into the anterior superior mediastinum. 


A method for surgical dissection of the anterior mediastinum has been developed 
with anatomical laboratory studies and applied to operations for thyroid cancer in 
six patients. 

DISCUSSION 

Dr. Joun Dorsey, Evanston, Ill.: I have been very much interested in this paper. I should 
like to ask a question that has to do with Dr. Galante’s employment of tracheotomy after 
division of the sternum, such as he performs on the patients described. 

My experience has not been extensive with sternum splitting, but I have employed trache- 
otomy and think it is very helpful in the postoperative management of these patients. I should 
be interested in hearing about this point from Dr. Galante because of his wider experience. 

Dr. Maurice GALANTE, San Francisco: We have not had to perform tracheotomy in four 
of the six cases in which it was possible to remove all the carcinoma that was present grossly. 
We performed tracheotomy in only two cases, and much of the cancerous tissue was left behind. 
In one of these cases there was actual invasion of the trachea by the tumor. 





STUDIES OF THE REEXPANDED LUNG AFTER PROLONGED ATELECTASIS 
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THOMAS H. BURFORD, M.D. 
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FTER reviewing the experience with traumatic rupture of the bronchus,’ 
our interest was aroused as to the possibility of reinstituting function in the 
atelectatic lung. We noted, contrary to the usual assumption, that in not a single 
case with complete stenosis of the main-stem bronchus for periods up to 26 years 
had suppurative disease of the atelectatic lung developed. In the few cases with 
partial stenosis secondary to the traumatic rupture, secondary bronchiectasis had 
developed. Holinger and his associates* report on a patient who had excision 
of the atelectatic lung three years after complete occlusion of the bronchus. There 
was no gross or microscopic evidence of infection or morphologic change which 
might be incompatible with reestablishment of respiratory and circulatory function. 
Hodes, Johnson, and Atkins * similarly present photomicrographs of a lung resected 
after at least three months of atelectasis in which fibrosis, bronchiectasis, or 
degenerative vascular changes had not developed. The atelectatic lungs which we 
studied after 26 years, 11 years, and 6 months, respectively, likewise revealed no 
morphologic changes which appear incompatible with reexpansion and relatively 
normal function. 


These clinicopathologic studies have some experimental confirmation. Tannen- 


berg and Pinner‘ maintained atelectasis of rabbit lungs for periods up to two 
months without the development of infection or bronchiectasis. In a careful study, 
Loosli, Adams, and Thornton * produced permanent obstructive atelectasis in dogs 
by the application of 35% silver nitrate to the left main-stem bronchus. The 
lungs, even after 17 months, showed no evidence of inflammation, except in two 
instances in which the inflammation was thought to be due to aspiration with 
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silver nitrate or to preexisting low-grade infection. They noted that the lungs 
could be reexpanded by intrabronchial injection of the fixative solution and that 
“lungs reexpanded after seventeen months appear no different histologically than do 
those reexpanded after ten weeks.” The bronchi, bronchial glands, smooth muscle, 
cartilage, arteries, lymphatics, nerves, and lung parenchyma appeared almost 
unchanged histologically. 

Sufficient experimental and clinical data have accumulated to demonstrate the 
feasibility of restoration of a normal bronchial lumen either by direct anastomosis ° 
or by various plastic procedures.’ 

In order to evaluate the conclusions we have drawn from the morphologic 
data, we have studied the circulatory and respiratory function of dog lungs which 
were reexpanded after relatively long periods of atelectasis produced by sudden 
complete bronchial occlusion, 


METHODS 


One main-stem bronchus was transected in each of three dogs, and both ends of the bronchus 
were closed by interrupted nonabsorbable surgical (silk) sutures. The pulmonary vessels were 
kept intact, although no effort was made to preserve the bronchial vessels. All thoracotomies 
were performed with the animals under pentobarbital sodium anesthesia, with room air insufflated 
through an endotracheal catheter by an intermittent positive pressure pump. Penicillin was used 
throughout each postoperative period. In one dog (T-25) the right main-stem bronchus was 
divided, while the left main-stem bronchus was sectioned in the others (Dogs 10 and 69). 
After seven and one-half, three and one-half, and three months, respectively, of atelectasis, a 
secondary thoracotomy was performed; the bronchial stumps were dissected out, opened, and 
reunited by an end-to-end anastomosis with interrupted silk sutures. In Dog T-25 only simple 
interrupted sutures were used, but in the others horizontal mattress sutures were used to assure 
eversion of the edges. 

Oxygen saturations were determined on blood from the right ventricle, from the inferior 
pulmonary veins of both the treated and the nontreated sides, and in one case, from the aorta. 
The blood specimens were drawn just prior to the performance of the bronchial anastomosis, 
again immediately after the performance of the anastomosis, and, finally, during another 
thoracotomy some weeks after the anastomosis. Through a left posterolateral thoracotomy, the 
mediastinum can be opened and blood obtained from the right inferior pulmonary vein. A 
temporary ligature was always placed around the pulmonary vein to prevent backflow of blood 
from the auricle. The blood samples were withdrawn under oil into heparinized syringes. The 
oxygen capacities were determined spectrophotometrically §; the oxygen content, manometrically 
by the Van Slyke method. 
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Some weeks after the anastomosis roentgenograms of the chest, intravenous angiocardio- 
grams, utilizing 70% sodium acetrizoate (Urokon), and bronchograms, utilizing iodized oil, 
were obtained. Dog 69 was killed four weeks after the anastomosis and the lung examined 
grossly and microscopically. Dog. T-25 was examined at three and one-half months, and Dog 10 
is being kept for long-term observation of the reexpanded lung. 


FINDINGS 


Operative-—At the time of the second operation for anastomosis of the bronchus, 
the completely atelectatic lung was reduced to a small fraction of its original size 
and appeared red and meaty. There were extensive adhesions at the site of the 
bronchial division. The distal bronchus was freed first and opened by resecting 
the sutured end. The entire bronchial tree was found to be filled with gelatinous 
mucus which was easily aspirated, usually as a cast. By the application of positive 
pressure through a sterile endobronchial tube, the lung easily reexpanded to fill 
more than its hemithorax in each case. While no pressure readings were made, 
it seemed that the pressure required for this was far less than the 35 mm. Hg that 


Blood Oxygen Saturations 








Blood Oxygen Saturation, % 
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Loosli and his associates ° found necessary. Since they made the injections into the 
closed bronchus and do not mention aspirating its mucoid contents, it is likely that 
much of the resistance was offered by the mucus. The lacerations of the lung that 
they report are probably secondary to this excessive pressure. 


Oxygen Saturation—The blood-oxygen saturations are presented in the Table. 


As can be seen, the blood passing through the atelectatic lung was not being 
oxygenated. Also, the blood flow through the chronic atelectatic lung in Dog 10 
(calculated from the oxygen saturations of the blood from the aorta and the right 
and the left pulmonary veins) was markedly reduced, to 12.9% of the total pul- 
monary blood flow. This is in keeping with the work of Coryllos and Birnbaum °; 
Adams, Hrdina and Dostal '®; Bjork and Salén,"' and Peters and Roos.'? 

9. Coryllos, P. N., and Birnbaum, G. L.: The Circulation in the Compressed Atelectatic 
and Pneumonic Lung, (Pneumothorax-Apneumatosis-Pneumonia) Arch. Surg. 19:1346 (Pt. 2) 
1929. 

10. Adams, W. E.; Hrdina, L., and Dostal, L. E.: Vascular Changes in Experimental 
Atelectasis: Morphological, Physiological and Biochemical, J. Thoracic Surg. 4:377, 1935. 

11. Bjork, V. O., and Salén, E. F.: The Blood Flow Through an Atelectatic Lung, J. 
Thoracic Surg. 20:933, 1950. 

12. Peters, R. M., and Roos, A.: The Effects of Atelectasis on Pulmonary Blood Flow 
in the Dog, J. Thoracic Surg. 24:389, 1952. 
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Fig. 1—A, roentgenogram of chest (Dog T-25) after anastomosis of bronchus after seven 
and one-half months of atelectasis. 8, intravenous angiocardiogram (Dog T-25) illustrating 
normal vascular pattern to both lungs. 


Fig. 2.—A, chest x-ray (Dog 69) after anastomosis after three months of atelectasis. B, 
intravenous angiocardiogram (Dog 69). 
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Fig. 3.—Bronchogram (Dog 69) demonstrating anastomosed left main-stem bronchus and 
normal bronchial tree distally. 


Fig. 4.—A, chest x-ray (Dog 10) after anastomosis after three and one-half months of 
atelectasis. B, angiocardiogram (Dog 10). 
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The blood sample taken immediately after completion of the anastomosis in 
each case demonstrates very adequate oxygenation that is comparable to the sample 
obtained from the opposite lung. Similarly, the blood sample obtained from the 
treated lung in Dog 69 four weeks after the anastomosis was 95% saturated 
on room air. In Dog T-25 the six-week blood saturations, although somewhat 
low because of difficulties of the operative technique in the third isolation of the pul- 
monary vessels, are comparable from the two sides and are well above the oxygen 
saturations of the mixed venous blood in the right ventricle. 

X-Rays.—The postanastomotic chest roentgenograms show little or no shift 
of the mediastinum to the treated side, indicating fairly equal inflation of the 
two lungs. The angiocardiograms likewise reveal a normal vascular pattern with 


Fig. 5.—Bronchogram (Dog 10) demonstrating anastomosed left main stem bronchus. 


adequate blood flow to both lungs. The bronchograms of Dogs 10 and 69 show 


minimal or no stenosis. This was confirmed by bronchoscopy. In Dog T-25, how- 


ever, moderate narrowing of the right main-stem bronchus developed to approxi- 
mately 7 mm. in diameter after two months’ observation, although this did not 
progress during the following one and one-half months, at which time the lung was 
well aerated and normal in appearance. The anastomosis in this dog was by end- 
to-end sutures, a method that Jackson and his associates “’ found more apt to 
produce stenosis than an everting mattress suture. 

The inflated lung of Dog 69, removed one month after the anastomosis follow- 
ing three months of atelectasis, is shown in Figure 6. The adhesions across the 
midlung at the thoracotomy sites are the only apparent abnormality. Figure 5 is 
a picture of the line of anastomosis, which has a diameter of approximately 9 mm. 
Microscopic examination of the suture line (Fig. 7) reveals an essentially normal 




















Fig. 6.—A, left main stem bronchus (Dog 69) four weeks after anastomosis showing normal 
lumen. One suture is visible in the floor of the bronchus. B, reinflated lung (Dog 69), four 
weeks after bronchial anastomosis after three months of atelectasis. Midlung zone shows the 
site of adhesions to the thoracotomy incisions. 


Fig. 7—Photomicrograph of bronchus (Dog 69) through site of anastomosis after four 
weeks. There is persistence of subacute inflammation. Flat pavement epithelium is growing 
in from both sides. 
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Fig. 8.—Photomicrograph of dog lung (Dog 69) four weeks after reinflation after three 
months of atelectasis. Bronchus artery, and alveoli all appear normal. 
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Fig. 9.—Photomicrograph of dog lung (Dog 69) showing pleura and alveoli. 
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healing site. The line of junction at this time is not completely epithelized but 
is being covered by squamous-type epithelium. The lung parenchyma, bronchi, 
and vessels (Fig. 8) appear normal. The pleura (Fig. 9) does not show fibrosis 
or inflammation. 
CONCLUSIONS 

From observations of the morphology of human lungs atelectatic for many 
years, it was surmised that these lungs were capable of circulatory and ventilatory 
function. Experimentally, the dog lungs which had been atelectatic for periods 
of months reexpanded readily and completely, had a normal pattern of blood flow 
by angiocardiogram, and oxygenated normally the blood flowing through the lung. 
We have not had opportunity to utilize this procedure clinically, but we do feel 
that it will be feasible. 

SUM MARY 


Complete atelectasis of one lung was produced in three dogs by transecting 
a main-stem bronchus and suturing the divided ends. The pulmonary vessels were 
left intact, thus simulating the complete stricture that is seen secondary to traumatic 
rupture of the bronchus. 

After three, three and one-half, and seven and one-half months the bronchial 
stumps were opened and anastomosed. 

In each case, after aspiration of the endobronchial mucus, the lung easily and 
completely reexpanded. 

The blood flowing through the lung became normally oxygenated immediately 
upon the completion of the anastomosis and reexpansion of the lung. Studies at 
later periods indicated that the normal oxygenation was continued. 

Blood flow as judged by intravenous angiograms appeared to be comparable 
to that of the treated side. 


Postoperative chest x-rays demonstrated persistent normal lung expansion. 


The morphology of one of the reexpanded lungs is presented; it appears 


unchanged by the period of atelectasis. 

In one dog a mild stenosis developed at the suture line, due, we believe, to 
the technique employed. In the others, no stenosis was demonstrable either 
endoscopically or bronchographically. 
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URING the past 10-year period, from June 1, 1942, to May 31, 1952, 202 

patients with proved perforated peptic ulcers were admitted to the Stanford 
surgical service of the San Francisco Hospital. The experience with these patients 
is presented with the purpose of evaluating the factors in diagnosis and treatment, 
as well as the present morbidity and mortality rates of patients operated on and those 
not operated on. All patients with a diagnosis of perforated peptic ulcer, sub- 
stantiated either by surgery, by autopsy, or by unequivocal x-ray evidence of peptic 
ulcer, are included in this study. All hospital deaths are included in the mortality 
figures. Several of the deaths seemed to be unrelated to the perforated ulcer or its 
complications. 

Butler’? gave the last statistical report on perforated peptic ulcers from this 
hospital in 1934. The mortality rate in 106 cases was 24.5%, being unusually high 
in the gastric group—53% as compared with 8.7% in the duodenal group. The 
surgical procedure most commonly used was cauterization or excision of the ulcer 
with closure and gastroenterostomy. The average age of patients reported on was 


37.5 years. Of 26 deaths, 6 occurred in those having symptoms for six hours or 
less. This substantiated what had been shown by others, that the shorter the duration 
of symptoms, the lower the mortality. It is interesting to note that pneumoperi- 
toneum was looked for by x-ray examination in only 10 patients and was found in 5. 


The mortality rate for perforated peptic ulcer has been reduced greatly in the 
past 10 years. In 1940 DeBakey ? found a mortality rate of 23.4% in 15,340 collected 
cases. The average mortality computed from a selected group of reports * from 1942 
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to 1952 was 15.3% in 2,555 cases. Credit for the decreasing mortality should be 
given not only to the use of antibacterial agents but also to better preoperative and 
postoperative care and anesthesia and to less complicated surgical procedures. 

The mortality and morbidity rate for acute perforated gastric ulcer long has 
been noted to be much higher than for acute perforated duodenal ulcer. It is true 
that at operation or even at postmortem examination it is sometimes difficult to 
distinguish between a perforated gastric ulcer at the pylorus and a perforated 
duodenal ulcer. Surgeons generally agree that most of the perforated ulcers in the 
pyloric region are duodenal in origin. We have listed the “doubtful” cases in this 
region with the duodenal group. The gastric and duodenal perforations have been 
carefully analyzed in an attempt to find some distinguishing feature for differential 
diagnosis or some reason for the poorer results in the gastric perforations. 


FACTORS IN DIAGNOSIS 
Age, Sex, and Race-—The age range of the patients covered a span of 77 years, 
the youngest being 15 and the oldest 92 years (Chart). The average age was 50.3 
years. There was little difference in the average ages between the men and the 


women or among the racial groups. No age difference was found between the patients 


in the gastric and those in the duodenal group. It has been reported frequently that 


the older the patient, the greater the mortality. The average age of those who died 
was 62.8 years. The average age of patients with perforated gastric ulcer who died 
was 61.7 years in the group operated on and 57.0 years in the group without opera- 
Gastroduodenal Ulcer, Surgery 21:24-33, 1947. (d) Black, B. M., and Blackford, R. E.: Per- 
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tion. Of the patients with perforated duodenal ulcer, the average age of those who 
died after surgery was 61, and in the group without operation, 73.3. 

Of the patients admitted with perforated ulcer, 187 were men and 15 were 
women. The mortality rate for the men was 13.4% and for the women 20%. 

Of 20,000 patients admitted to the San Francisco Hospital, 80% were white, 
20% Negro, and less than 1% Oriental. Of the perforations, 93.5% occurred in 
white patients, 4% in Negroes, and 2.5% in Orientals. This would seem to indicate 
that perforated peptic ulcer is infrequent among Negroes and occurs more commonly 
among whites and Orientals. 


Seasons.—In the gastric group, perforations predominated during the winter 
months. In the duodenal group there was no marked difference in seasonal incidence 
of perforations, except that fewer were noted during the summer months. 
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Age of patients in relation to mortality. 


The mortality rate in perforated peptic ulcer has been noted to be higher during 
the winter months.** In this series, 46% of the deaths occurred during the winter 
months, whereas only 35% of the admissions occurred during the same interval. 

History.—1. Past History: Of the entire group, 44 patients (21.8%) gave no 
history of previous ulcer symptoms; 15.8% had ulcer symptoms for one month or 


less prior to perforation; 14.4% had ulcer symptoms from one morith to one year ; 
21.5% had symptoms from one to five years, and 23.3% had ulcer symptoms for 
five or more years. These figures substantiate two important principles in the 
diagnosis of perforated peptic ulcer from history: (a) A history of peptic ulcer 
symptoms is not a prerequisite, as one-fifth of the patients gave no history of ulcer 


symptoms, and (b) perforations do not necessarily follow acute or rapidly develop- 
ing ulcer symptoms, as over one-half of the patients had ulcer symptoms for a 
month or more. 
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There was a 3.8% incidence of previous perforation (two cases in the gastric 
group and six in the duodenal group). It was noted that there were no deaths in 
this small group of patients nor were there any abdominal complications. This 
suggests that the general peritoneal cavity is protected from contamination by the 
presence of adhesions caused by earlier perforations. One patient had five previous 
perforations. 

2. Symptoms of Present Illness: The duration of the acute symptoms of 
perforations prior to admission and before surgery is listed in Table 1. In 68.8% 
of the patients, symptoms had been present for less than 6 hours before admission, 


with a total of five deaths (three duodenal and two gastric) ; in 20.5% symptoms 


had been present between 6 and 12 hours, with five deaths (all gastric perforations), 
and in 9.7% with symptoms for more than 12 hours there were seven deaths (two 
duodenal and five gastric). It is almost axiomatic that “the longer the duration 
of symptoms before treatment is begun, the higher the mortality,” but this should 


TABLE 1.—Relation of Duration of Symptoms to Mortality 











Duodenal Perforations Gastrie Perforations 
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85 
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50.0 0.0 
0.0 100.0 
0.0 0.0 

40.0 100.0 

100.0 0.0 


not imply that surgical closure of the perforation should not be undertaken if the 
perforation is more than 12 hours old. With one exception, all of the patients treated 
surgically with symptoms of 12 hours or more showed no walling off of the 
perforation. The average duration of symptoms in the group of patients who died 
after operation was 14.3 hours. The effect of the duration of symptoms on mortality 
in the patients treated without surgery cannot be judged accurately because of the 
small number of cases that fall into this category. It should be noted, however, that 
there was an exceedingly high mortality in the small number of patients for whom 
nonoperative treatment was begun relatively early. 

The average duration of symptoms of the entire group was six and nine-tenths 
hours. In cases with operation, the time elapsed between admission and surgery was 
noted; this delay represents the time spent in the routine work-up, x-ray examina- 
tions, and other diagnostic procedures. This “diagnostic delay” period averaged 
two and four-tenths hours. 

Many of the patients had been given active medical therapy prior to perforation. 
In 21 patients the x-ray findings (upper gastrointestinal series) for peptic ulcer 
were positive on one or more occasions in the course of their illness prior to develop- 
ment of symptoms of perforation. 
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3. Presenting Complaint: The complaint of the majority of the patients (133) 
on admission was sudden epigastric pain; in addition, 52 complained of radiation 
of pain to the shoulders, 11 had radiation of pain to the back, and 42 had radiation 
of pain to the lower abdominal quadrants. Two patients complained of right lower 
quadrant abdominal pain, and six had lower abdominal pain. The complaint of the 
remaining patients was generalized abdominal pain. 

Physical Examination—The mean temperature on admission was between 99 
and 99.9 F.; in over 50% of patients the temperature was below 99.9 F. The 
abdominal findings in 98% of the patients were generalized abdominal tenderness, 
rigidity, and/or muscle spasm. Audible peristalsis was absent in 65%. 

Laboratory Aids to Diagnosis—The white blood cell count ranged between 
4,000 and 45,000 but in most instances was between 10,000 and 20,000. No cor- 
relation was found between the duration of symptoms and the degree of elevation 
of the white blood cell count. 

X-ray examinations for pneumoperitoneum were performed on 197 of the 
patients ; free peritoneal air was found in 74%. None of the patients with previous 
perforation showed free air. Peritoneal adhesions apparently prevented the dis- 
semination of air in the peritoneal cavity. 


FACTORS IN TREATMENT 

Surgical Procedures.—Operative intervention was undertaken in 185 of the 
202 patients. Simple suture of the perforation with or without the use of an omental 
graft was the procedure most commonly employed (178 of the 185 not operated on). 
Primary subtotal gastric resection was performed five times with no deaths. On 
only two occasions was the perforation found to be completely walled off. 

Anesthesia did not seem to be an important factor in the morbidity and mortality 
rates. Most of the deaths followed the use of local anesthesia. This is merely an 
indication that local anesthesia was used on the poorest risk patients. The choice of 
the anesthetic agent had no effect on the number of respiratory complications, as 
there were as many following the use of spinal anesthesia as there were with nitrous 
oxide, oxygen, and ether. The anesthetic agents most frequently used were nitrous 
oxide, oxygen, and ether. 

All operative procedures in this series were performed by members of the 
resident staff. Except for the primary subtotal gastric resections the operating time 
averaged 45 minutes. 

The most commonly used incision was a right upper paramedian, in 83 patients ; 
an upper midline incision was used in 59; a right upper rectus incision was used in 
36; a left upper paramedian incision in 5, and a transverse incision in 1. 


Tissue from the edges of the perforations was taken for biopsy in about one-third 


of the patients operated on. In the one case that had the clinical appearance of 


carcinoma (later proved at autopsy) the biopsy was unsatisfactory. None of the 
specimens taken for biopsy showed evidence of neoplastic changes. 

Position of Perforated Ulcers—The most frequent site of perforation of the 
duodenal ulcers was on the anterior surface of the duodenum. Of the perforations, 
87 were anterior and 2 posterior. There were two patients with two perforations. 
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Of the gastric perforations, 58 were in the anterior prepyloric region, 3 in the 
posterior prepyloric area, 5 on the anterior fundus, and 2 on the posterior fundus. 

Antibacterial Agents.—In recent years the use of the various antibacterial agents 
has become a part of the routine care of the surgical patients. In this series, 53 of 
the patients operated on received no antibacterial therapy. There were 10 compli- 
cations in this group, a morbidity incidence of 18.8%, slightly lower than the 
over-all morbidity incidence. There were three deaths in this group, giving a 
mortality rate of 5.7%, also less than the over-all total mortality of the cases in 
which operation was done. This is an indication that factors other than the use of 
antibacterial agents help prevent the development of peritonitis and intra-abdominal 
abscess as a complication of perforated ulcer. 

We believe that the low morbidity and mortality rates in those treated without 
antibacterial therapy is an indication of the importance of aspirating the material 
contaminating the peritoneal cavity at the time of laparotomy. Study of our data 
suggests that the use of the antibacterial agents is important in the prevention of 
respiratory complications. 


2.—Mortality Rate 


No. of 
Deaths Mortality 


DE DI ia ois Sakis oo de ive cdccccncquvidus decadvonpeewonen 2 11 
Operation performed g 
No operation 


Gastrie perforations 
Operation performed 
No operation 


Combined total 
Operation performed.................. , 
No operation 


Hospitalization—tThe average period of hospitalization for all patients was 16 
days. The surgical patients without postoperative complications remained in the 
hospital for an average of 12 days. Complications greatly extended the period of 
hospitalization, as the patients operated on with postoperative complications had a 
hospital stay of an average of 29 days. The period of hospitalization for the non- 
surgical patients, all of whom had complications, averaged 30 days. 


MORBIDITY AND MORTALITY 

Morbidity —The incidence of postoperative complications was 23.8%. The 
incidence of complication in the patients not operated upon was 100%. Pulmonary 
complications were the most frequent, occurring in 14 patients. There were 10 
wound infections and 10 subdiaphragmatic or pelvic abscesses. Delirium tremens 
and/or alcoholic psychosis occurred in seven patients. There was one evisceration. 

Mortality—The over-all mortality rate, including patients operated on and 
those not operated on, was 13.9% (28 deaths) (Tables 2 and 3). As already stated, 
there was a marked difference between the mortality figures for gastric and duodenal 
perforations. The over-all mortality for perforated duodenal ulcer was 8.5%. The 
mortality in the group with perforated gastric ulcer was nearly three times as great, 
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being 23.3%. In the group with perforated duodenal ulcers treated by surgery, the 
mortality was 4.2%, as compared with 17.9% in the group with surgically treated 
perforated gastric ulcers. Careful analysis of the data from these two groups fails 
to explain the marked difference in mortality. 

The over-all mortality for the patients treated without operation was 65%. In 
this group the mortality for those with gastric perforations was 83.2%, and with 
duodenal perforations, 54.5%. The cause of death in 10 of the 11 patients was 
acute peritonitis, as proved by postmortem examination. 

Acute peritonitis was given as the cause of death in 5 of the 17 surgical deaths. 

The mortality figures were broken down into two five-year periods—June, 
1942 through May, 1947, and June, 1947 through May, 1952. The over-all mortality 
rate dropped from 17.2% in the first five-year period to 9.3% in the second period. 


TaBLeE 3.— Analysis of Twenty-Eight Deaths 





Gastric Uleer Duodenal Uleer 


Operated Not Operated “Operated Not Operated 

Cause of Death On On On 
Generalized peritonitis 4 5 1 5 
Myocardial infaretion 2 ‘e 1 
Cardiae decompensation 3 eo 1 
Cerebrovascular accident 
Pneumonia 
Gastrointestinal hemorrhage 
Subdural hematoma ee oe 1 ee 
Anesthesia ; 1 (procaine sensitivity) 1 (cardiae arrest) 


Totals 12 5 5 6 


TABLE 4.—Follow-U p* 








Gastric Uleer, % Duodenal Uleer, % 
Asymptomatic f 71.9 
Further medical treatment 6 14.6 
Further surgical treatment 8.6 9.8 


* One hundred seventeen patients were followed an average of 38 weeks. 


We believe that this decrease in mortality is due mainly to better preoperative and 
postoperative care. 
FOLLOW-UP 

Of the surviving patients, 117 were followed for an average of 38 weeks after 
discharge (Table 4). Of the patients followed with perforated duodenal ulcer, 
71.9% had no symptoms ; 14.6% required a continued careful medical management, 
and 9.8% returned for definitive surgical procedures. In the latter group, six sub- 
total gastrectomies were performed and two vagotomies with gastroenterostomy. 

Of the surviving gastric group followed, 80% had no further symptoms ; 8.6% 
required continued medical management, and 8.6% required definitive surgical 
therapy. In the latter group, three subtotal gastrectomies were performed. 


CURRENT STANDARD OF TREATMENT 


When the diagnosis of perforated peptic ulcer is established, the patient is prepared for 
laparotomy. A Levin nasogastric tube is passed and gastric decompression started. The patient 








MAGLADRY ET AL.—PERFORATIONS OF GASTRODUODENAL ULCERS 817 


is typed and cross matched for whole blood to be used as indicated. He is taken to the operating 
room and adequate surgical anesthesia is obtained. The abdomen is opened through either a 
short right upper paramedian or upper midline incision. Simple closure of the ulcer is accomp- 
lished with suture and omental graft. The abdomen is carefully aspirated of all peritoneal fluid 
and foreign material, particularly from the subphrenic and pelvic areas. Postoperatively, gastric 
suction by a Levin tube is continued until audible peristalsis is present. Careful attention is given 
to the control of fluid and electrolyte balance. Antibiotics are used routinely: (a@) aqueous pen- 
icillin 100,000 units every three hours, and (b) streptomycin 0.5 gm. twice daily for three days. 


SUMMARY 


Two hundred two cases of perforated gastroduodenal ulcer are analyzed with 


reference to the factors relative to diagnosis and treatment, morbidity and mortality, 
and follow-up. 

The currently used therapeutic and surgical measures are listed. 

The reduction in mortality is a result of immediate operative closure of the 
perforation, good anesthesia, proper fluid and electrolyte replacement, and vigorous 
antibacterial therapy. 





FURTHER OBSERVATIONS ON MASSIVE UPPER INTESTINAL 
HEMORRHAGE 


CYRIL COSTELLO, M.D. 
ST. LOUIS 


F SERIOUS emergencies affecting the upper intestinal tract, massive hemor- 

rhage remains an outstanding clinical challenge, not only because of its high 
mortality rate but also because of prevalent controversies concerning such basic 
principles of management as methods of diagnosis and desirability of feeding, trans- 
fusing, and operating. In a previous communication ' the results in a series of 300 
consecutive cases at the St. Louis City Hospital were presented along with a plan 
of management adapted to a series of 73 later cases in which improvement in 
mortality rate had been achieved. 

This present report is based upon an experience with a total of 199 cases of 
massive hemorrhage from the upper intestinal tract which have been studied at the 
St. Louis City Hospital from 1946 to 1951, inclusively. Massive hemorrhage has 
been defined as an acute blood loss from the upper intestine, resulting in shock and 
in a fall of the red blood cell count to 3,000,000 or less. 


DIAGNOSIS 

The causes of massive hemorrhage in these 199 cases correspond closely to the 
etiologic distribution in the 300 cases previously reported and are indicated in 
Table 1. It is seen that of these hemorrhages, peptic ulcer of the stomach and 
duodenum accounted for 60%, ruptured esophageal varices for 15%, and acute or 
chronic gastritis for 11%. In other words, about 90% of these serious hemorrhages 
resulted from three pathological lesions (Fig. 1). The remaining group of 10 or 
11% of hemorrhages resulted from eight additional types of lesions (Fig. 2). 

Of striking clinical significance in this division of etiological lesions is the 
observation that in the common class (90% of total cases) differential diagnosis 
of definitive lesions was difficult as compared with the uncommon class (10% of 
total cases). Thus history and physical examination alone were adequate for 


establishing the diagnosis in patients with the less frequent causes of hemorrhage, 


while in almost 40% of those with peptic ulcer, ruptured varix, or gastritis, no 
diagnosis could be gleaned from these simple examinations. 
A 

From the Departments of Surgery, Washington University Medical School and St. Louis 
City Hospital. 

Read at the Sixtieth Annual Meeting of the Western Surgical Association, Houston, 
Texas, Dec. 6, 1952. 

1. Costello, C.: Massive Hematemesis: Analysis of 300 Consecutive Cases, Ann. Surg. 
129:289-298 (March) 1949, 
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Those patients with hemorrhage from carcinoma of the stomach or esophagus 


had such far-advanced disease that the history or palpable tumor gave cogent 
evidence of the underlying cause. Hemorrhaging gastrojejunal ulcer presented 
strong presumptive evidence of its nature by the past history of gastroenterostomy 
for peptic ulcer. Even simpler to recognize by history and inspection alone was 
the patient in whom multiple hemorrhages developed while under bishydroxy- 
coumarin (Dicumarol) therapy, as well as the patient who sustained a gunshot 
wound of the upper abdomen, and the patient in whom sudden hemorrhage developed 
while under care for extensive surface burns. Rarer causes for massive hemorrhage 
not encountered in this series are benign tumors, hemangiomas, and blood dyscrasias. 

Contrary to this ease of diagnosis, nevertheless, was the preponderant 90% of 
patients who had peptic ulcer, ruptured varix, or gastritis. To determine which of 
these conditions was the etiological agent on the basis of history and physical 


TABLE 1.—Massive Upper Intestinal Hemorrhage, 1946 to 1951 








Cause 
Peptic ulcer (gastric and duodenal) 
es Wed nb ced devda sé ceccccincccacsurdcnancsedttacet 
Acute gastritis 
Chronie gastritis 
Gastrojejunal ulcer 
Hiatus hernia 
Dicumarol intoxication . 
Gastric carcinoma 
Esophageal carcinoma 
Curling ulcer 
Undetermined 
Trauma 


examination alone was often impossible (40% ), and it became evident in the course 
of these studies that additional information must be obtained if diagnosis is to be 
established reasonably early. In most of the cases we have not hesitated to perform 
barium studies fluoroscopically to detect esophageal varix and peptic ulcer early, 
provided that every precaution is taken by the examiner to avoid unnecessary 
movement of the patient and, particularly, to avoid kneading the abdomen, as is 
commonly done in attempting to fill the duodenal bulb with barium. While 
exacerbations of major hemorrhage (with deaths) were seen to occur in the original 
series of 300 patients by this maneuver, this has been entirely prevented in the cur- 
rent series by simple intelligent precautions. 

Esophagoscopy, gastroscopy, and diagnostic gastroduodenal intubation should 
not be employed during active hemorrhage, as they physically endanger bleeding 
regions without adding great knowledge to that which may be learned more gently 
otherwise. 

Therefore in establishing a definitive diagnosis during the stage of active bleed- 
ing, we have relied upon those procedures that offer most information to the 
physician with least danger to the patient: history, physical examination, examina- 
tion of the blood, and gentle barium study of the upper intestinal tract. 
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NONOPERATIVE PLAN OF MANAGEMENT 
The plan devised and employed for studying these patients is as follows: 


1. Prompt and repeated determinations of blood deficit by the copper sulfate 
falling drop method. The simplicity of this test makes it adaptable to following 
hematocrit and hemoglobin levels before and after transfusions, and while it is not 


; Tlapsive u upper intestinal hemorrhage 


| ( 1I99CASES STLOUIS CITY HOSPITAL 46-5! ) 


peptic ulcer 


t od sophogeal 
(gastric and duodenal) hicseress d €300 r 


chronic 


gostritis 


Fig. 1—Causes of massive intestinal hemorrhage in approximately 90% of 199 cases at 
St. Louis City Hospital. 


scientifically accurate in determining blood volume, it presents a satisfactory index 
in a simple manner. 


2. Prompi replacement of blood by transfusions. Immediately upon admission 
to the hospital, plasma or plasma substitute may be given intravenously while blood 
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typing is performed. As soon as properly matched blood is available from the blood 
bank, it is administered intravenously and administration is continued until a normal 
hemogram is obtained. In rare instances, intra-arterial transfusion may be necessary 


to avert overloading the right side of the heart. 


Massive upper intestinal hemorrhage 


(9 CASES STLOUIS CITY HOSPITAL 46-57 


@) 


hiatus hernia odvonced carcinoma 


gostro jejunal ulcer 


carcinoma 
of esophagus 


- dicumarol 


intoxication 


gunshot wound q corcinomatous ulcer 


We 
Fig. 2—Causes of massive intestinal hemorrhage in approximately 10% of 199 cases at 
St. Louis City Hospital. 


3. Liquid protein-carbohydrate-vitamin feedings. The formula for adults of 


average size is as follows: 
100 gm. 
200 gm. 
1 gm. 
2,400 ce. 


Whole protein yeast powder ® 
Dextran 


2. Prepared from yeast and supplied by Anheuser-Busch Co., St. Louis. 
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Two hundred cubic centimeters of this mixture are fed every two hours. The whole 
yeast protein powder has been selected for its content of protein and vitamin B 
complex and for its palatability. The feeding mixture given in such quantities 
throughout the day and night served the purposes of (1) supplying essential nutri- 
ment for tissue repair and (2) providing the acid-combining effect of protein which 
is apparently superior to the antacid drugs more commonly employed. In 60 patients, 
including 41 with peptic ulcer, Gelfoam and thrombin * were added to the feeding 
material to compare the results with those fed the food only. From this series it 
is impossible to conclude that this addition has been of any benefit. 

4. Sedation. Most of these patients require sedation both to eliminate psychic 
elements disturbing the intestinal tract and also to maintain a general cooperative 
state. Phenobarbital or chloral hydrate in sufficient quantities to keep patients in 
a drowsy state are administered. The chief contraindication for such sedatives is the 
presence of cirrhosis, and when this disorder is suspected, sedatives are withheld 
or are used sparingly. 

RESULTS IN 199 CASES 

Peptic Ulcer—In 15 of the 119 patients with massively bleeding peptic ulcers, 
treatment was not according to the plan as outlined. For nine patients treatment was 
grossly inadequate, and all of them died, while in the remaining six, operation was 


TABLE 2.—Continuance of Recurrence of Bleeding in Thirty-Five Cases of Peptic Ulcer 








No. of Ne. of 
Management Cases Deaths 


Giver little or no blood; therapy abandoned 9 
Continued adequate nonoperative plan 


Attempted operation late in addition to blood replacement 








performed without adequate preparation or late in the course of bleeding, and five 
of these patients died. The remaining 104 were treated rigidly according to the plan 
of nonoperative management, with 7 deaths (6.7%). 


Of 119 ulcer patients, there were 35 (28%) who continued to bleed for long 
periods or who started bleeding again after varying periods of control. Thus 72% 
of these patients were promptly controlled by nonoperative management, obviating 
the necessity for operation during the emergency period. The crux of the remaining 
problem is, “What is best for that group of patients who do not respond to non- 
operative management?” In Table 2 the results for the 35 patients in our series are 
demonstrated. From this observation it may be deduced that if operation is to be 
performed, the mortality risk is increased if delay is too long and that in such cases 
it is better to continue with the same nonoperative plan. 


There are, however, disadvantages which become greater as the plan is followed 
in those who bleed for long periods, one of which is exhaustion of transfusion supply. 
The maximum amount of blood transferred to a patient in this group was 25,000 cc. 
The average amount of blood administered was 3,000 cc. 

Therefore it appears reasonable that maximum benefits of operative and non- 
operative plans might be obtained by (1) pursuing rigid nonoperative management 


3. Cantor, M. O.; Kennedy, C. S., and Reynolds, R. P.: Gelfoam and Thrombin in Treat- 
ment of Massive Gastroduodenal Hemorrhage: Preliminary Report, Am. J. Surg. 80:883-887 
(Dec.) 1950. 
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with blood and nutritive replenishment (thus solving the emergency phase of the 
malady for approximately 70% of such patients), and (2) operating while continuing 
to replace blood rapidly in those who do not respond promptly to the administration 
of about 3,000 cc. of whole blood and to nutritive replenishment, or in those who 
are controlled and begin to bleed again. 


In order that operation may be successful in these circumstances, it is necessary 
that while blood is being rapidly replaced, a competent anesthesiologist and gastric 
surgery team work cooperatively. In addition, cardiac decompensation must be 
detected and treated if present. 

These criteria are being followed and studied at present at the St. Louis City 
Hospital, with encouraging promise. 


RUPTURED ESOPHAGEAL VARIX 


In this series, there were 30 cases of massive hemorrhage from ruptured 
esophageal varix. In this group the results were most discouraging, since 25 of the 
patients died. These patients had extensive cirrhosis of the liver with terminal liver 
failure in which hemorrhage was the final sign. Even if hemorrhage were con- 
trollable in this group, the hope of preventing liver failure would remain virtually nil. 
Prophylaxis in the form of operative procedure to reduce portal hypertension before 
liver damage is complete must be undertaken more frequently in the future if further 
reduction of this complication is to be accomplished. 


Generally, the massive hemorrhage from an esophageal varix can be temporarily 
controlled by the use of esophageal tamponade with a Sengstaken tube or a similar 
triple-lumen tube. Whether, then, the replacement of nutriment and of blood and 
the performance of portacaval shunt or hepatic artery ligation will save such lives 
depends chiefly upon the amount of viable liver tissue remaining. Certainly the 
tamponade esophageal tube should be used when varices are demonstrated, as it 
can effectively control blood loss while further evaluation and treatment are under- 
taken. 

Acute and Chronic Gastritis—There were 29 cases of gastritis in this series, 
with 3 deaths. One of these deaths was the terminal event in a patient with emacia- 
tion from generalized mammary carcinomatosis. The diagnosis of gastritis can be 
only presumptive during the emergency stage, as barium studies are productive of 
only negative findings in the esophagus and duodenum. The final diagnosis rests with 
the gastroscopist, although it is felt that gastroscopy during the bleeding stage is not 
justifiable in most instances. 


Hiatus Hernia.—There were two patients who had hiatus hernia with massive 
hemorrhage. No further lesion was demonstrable in the gastrointestinal tract. In 
both instances, the presence of trapped acid-pepsin material in the herniated portion 
of the stomach had produced acute and chronic gastric erosion. Both these patients 
recovered, being given nonoperative management during the stage of hemorrhage. 
Here, as in other peptic ulcerations, the decision for definitive treatment of the 
primary lesion must be pursued after the emergency period has passed. 


Carcinoma of the Stomach and Esophagus.—There were three patients with 
carcinoma of the stomach who bled massively, and two of them died. The relative 
rarity of this disorder as a cause for massive hemorrhage is noteworthy particularly 
because it is often the first diagnosis suggested by the novice. The presumptive 
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diagnosis in these cases was manifested by palpable epigastric tumor, and the hope- 
lessness of any therapy in such advanced malignant disease is evident. One patient 
died during massive hemorrhage of an extensive carcinoma of the esophagus. 


Marginal Ulcer.—Four patients bled massively from gastrojejunal ulcer, and 
one of these died. All of these patients had gastroenterostomy performed previously 
in the treatment of duodenal ulcer. In one of these vagotomy had been combined 
with the procedure. 

One cannot but be impressed with the preventability of such catastrophies, since 
marginal ulcer itself is now known to be preventable. Certainly, in these patients, 
surgical correction should be performed as soon as possible after hemorrhage has 
been controlled in order to avert recurrence of hemorrhage. 

Bishydroxycoumarin Intoxication—One patient died of massive hemorrhage 
while under treatment with bishydroxycoumarin for thrombophlebitis of the leg. 
Hemorrhages also occurred in the respiratory and urinary tracts. The prothrombin 
time at the onset of hemorrhaging was 9% of normal. At autopsy the intestinal 
hemorrhage was found to have emanated from an unsuspected 3 cm. carcinomatous 
ulcer of the greater gastric curvature. 


Curling Ulcer.—One patient with extensive surface burns suddenly vomited large 
quantities of blood and died before treatment could be instituted. The source of 
bleeding was acute ulceration of the stomach. 

Trauma.—One patient sustained a gunshot wound of the abdomen which 
lacerated the stomach and produced massive hemorrhage. 

Undetermined.—There were eight patients who bled massively from the upper 
intestinal tract in whom it was never possible to make a definitive diagnosis. 


SURGICAL INTERVENTION 
Before undertaking operation during the bleeding stage of an intestinal disorder, 
several questions should be answered. 


1. Has adequate nonoperative support been given? The importance of satis- 
factorily answering this question is evident in that most of the commonest types of 
hemorrhages have been controlled by this method alone, thereby eliminating the 
need for adding the hazard of a major operation during the period of least resistance. 
Major blood loss is a trauma to the organism which requires much repair, and, if 
a major operation can be avoided during this period, all must agree that it is advisable 


to do so. 


2. Has a diagnosis of bleeding site been determined? The fact that the abdomen 
can be opened successfully does not assure that the bleeding site can be located or 
controlled surgically. Many surgeons have now had the dismal experience of per- 
forming exploration to no avail ; consequently, the patient’s condition has been made 
worse rather than improved. Chiefly for this reason has careful and gentle examina- 
tion of the upper intestinal tract by barium been undertaken early in the hospital 
course to add information to the findings of history and physical examination. 


3. Has the general condition of the patient been improved to assure a reasonable 
surgical risk? If blood loss has been great and blood replacement inadequate, the 
risk of operation may be lessened by greater industry in rapidly restoring the 
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patient to an improved status. Cardiac failure must receive proper medical attention 
as a preoperative measure. 

4. Are a competent anesthesiologist and operative team available? Experienced 
hands have no substitute in this emergency, and the procedure should not be 
delegated to the novice. Prompt and competent surgical action is mandatory once 
the decision for operating has been reached. 

If these questions cannot be affirmatively answered by the surgeon, the decision 
to pursue a nonoperative plan indefinitely will be attended by fewer deaths, as 
judged by the experience in this series of cases. Since we have been selecting 
patients in this manner for operation, results have further improved, and the 
operative mortality, which prior to 1947 was 90%, has markedly diminished. 


TYPE OF OPERATION 

In the case of peptic ulceration, subtotal gastrectomy with resection of the ulcer 
is the procedure of choice. The patient who has a hemorrhage from an esophageal 
varix and whose bleeding is temporarily controlled with esophageal tamponade may 
be subjected to hepatic artery ligation or portacaval shunt, as the surgeon’s judg- 
ment dictates. Esophagogastric resection* has occasionally been utilized, as has 
also direct transesophageal suturing of varices.’ The latter procedures have the 
disadvantage of not attacking the underlying portal hypertension. 


Other lesions, including some gastric ulcers, may best be treated by local 
excisions, although the resection of a marginal ulcer may involve extensive dissecting 


and may require revision and gastric resection if the general condition permits. 
It is most important that the bleeding site be directly attacked if control of 
hemorrhage is expected. Such procedures as gastroenterostomy and vagotomy fail 
because hemorrhage continues from the primary lesion. 


TREATMENT FOLLOWING EMERGENCY CONTROL 

The ultimate management of lesions after hemorrhage is controlled is well 
defined by established standards of medicine and surgery, except in cases of peptic 
ulcer. The gastric ulcer may be safely followed nonoperatively if a stringent dietary 
and medical plan with careful follow-up studies to the prompt healing point can be 
assured. Otherwise, the danger of repeated hemorrhage or of carcinomatous pro- 
gression is too great, and exploration should not be delayed beyond the point of 
optimal preparation of the patient’s nutrition and general status. 

If the ulcer is duodenal, it is with rare exception located posteriorly, with erosion 
into the pancreas. There is increasing evidence accumulating which seriously 
questions that such ulcers are ever cured by any medical plan. In the past “cure” 
of such lesions has been loosely applied to those in which operation has been avoided, 
although chronic recurring peptic ulcer symptoms and complications may have 
continued. For these reasons and in order to prevent recurrence of hemorrhage, 


4. Phemister, D. B., and Humphreys, E. N.: Gastro-Esophageal Resection and Total 
Gastrectomy in the Treatment of Bleeding Varicose Veins in Banti’s Syndrome, Ann. Surg. 
126: 397-410 (Oct.) 1947. 

5. Crile, G., Jr.: Transesophageal Ligation of Bleeding Esophageal Varices: Preliminary 
Report of 7 Cases, Arch. Surg. 61:654-660 (Oct.) 1950. 
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elective gastric resection is finding greater application and should be the general 
rule rather than the exception. 


SUMMARY 


The seriousness of massive hemorrhage from the upper intestinal tract is cited, 
and the results in the 199 such cases studied at the St. Louis City Hospital from 
1946 to 1951, based on studies of the preceding 300 consecutive cases are presented. 
The problems and methods of diagnosis, the merits of a tested nonoperative plan 
of management, and the criteria for selecting an operative plan are discussed. 
Suggestions are made for the type of operation required and for the elective surgical 
management following control of massive hemorrhage. 





SURGICAL ASPECTS OF CHRONIC DUODENAL ULCERS OF CHILDHOOD 
Report of a Case 


ANGUS L. CAMERON, M.D. 
MINOT, N. D. 


HRONIC peptic ulcer of childhood is similar in all respects to its counterpart 

in adult life so far as its gross and microscopic appearance is concerned. Scar 

tissue is a constant and prominent feature of the disease, although it is not found 

in the acute type which constitutes the vast majority of peptic ulcers seen in infancy 

and childhood. The latter, when purely destructive as they frequently are, may be 

unaccompanied by any inflammatory reaction whatsoever, and, at most, evidence of 
scar tissue is always minimal and insignificant. 

Clinically, too, the acute ulcer stands in sharp contrast with the chronic type, 
since its course is characteristically short. Usually healing occurs promptly, or 
disaster results with a most surprising suddenness—sometimes within a few hours 
from the time of onset and apparently due to hemorrhage or perforation. In excep- 
tional instances its course is prolonged, even to the extent that it may become 
transformed into a chronic type of ulcer. However, case reports suggestive of this 
are extremely rare. 

Omitting from our consideration the acute peptic ulcer which sometimes compli- 
cates some other serious illness or injury, such as intracranial afflictions and extensive 
burns, acute peptic ulceration occurs predominantly in the newborn and in infants 
under one year of age. On the other hand, chronic ulceration at this early age is 
almost unheard of. Statements to the contrary have been made, but never, so far as 
I can determine, supported with any convincing evidence. 

It is apparent therefore that acute and chronic peptic ulceration of infancy and 
childhood have little in common except their anatomical location and their propensity 
at times to penetrate blood vessel and gastrointestinal walls and thereby cause 
hemorrhage and peritonitis. With this emergency phase eliminated from primary 
consideration, particularly that due to acute perforation, little reason exists for 


grouping these two types of ulcers together for study and presentation, but this has 


been common practice for years with resultant confusion concerning the whole 
subject. 

Improvement in the understanding of the ulcer problems in adults has been 
brought about in part by adherence to natural anatomical and pathological groupings 
of cases with elimination of confusion concerning the exact location of an ulcer 
under consideration—whether gastric or duodenal—and its type—whether acute or 


Read at the Sixtieth Annual Meeting of the Western Surgical Association, Houston, Texas, 
Dec. 5, 1952. 
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832 A. M. A. ARCHIVES OF SURGERY 


chronic. Surgically it has been found advantageous to separate the acutely per- 
forating chronic ulcer from the usual kind which remains free from this complication. 

This same pattern has been followed here. This paper, in keeping with the single 
case report which it includes, is limited primarily to the surgical aspects of chronic 
duodenal ulcer of childhood. An attempt has been made to review all case reports 
of this kind which have been published in the American literature * with sufficient 
completeness for satisfactory study and investigation (Tables 1 and 2). The foreign 
literature * has been reviewed also but not at all completely (Tables 3 and 4). Mere 
reference to cases, accompanied at best with only meager information about them, 
has been given little consideration in this study; therefore the 13 cases reported 
from this country, as listed in Tables 1 and 2, are not the total number in which 
American surgeons have performed operations. 





1. (a) Dickey, L. B.: Duodenal Ulcer with Diverticulum: Report of a Case in a Boy, 
Aged Thirteen, J. A. M. A. 86:815-816, 1926. (b) Henderson, W. F.: Duodenal Ulcers in 
Childhood, New Orleans M. & S. J. 83:295-299, 1930. (c) Kennedy, R. L. J.: Peptic Ulcer in 
Children, J. Pediat. 2:641-650, 1933. (d) Strode, J. E.: Gastrojejunal Ulcer in Childhood: 
Report of a Case, Am. J. Surg. 21:240-241, 1933. (e) Bloch, L.; Bronstein, I. P., and Serby, 
A. M.: Chronic Peptic Ulcer in Children, J. A. M. A. 98:2184-2186, 1932. (f) Bloch, L., and 
Serby, A. M. : Peptic Ulcer in Children: A Follow-Up Study of Cases Reported Previously 
and a Report of Additional Cases, Am. J. Digest, Dis. 4:15-17, 1937  (g) White, C. S.: 
Chronic Peptic Ulcer in Childhood, J. Pediat. 3:568-572, 1933. (h) Nesselrode, C. C., and 
Medearis, D. N.: Peptic Ulcer in Childhood: Gastroenterostomy on a 7 Year Old Boy, West. 
J. Surg. 43:208-215, 1935. (7) Kellogg, H. B.: Chronic Peptic Ulcers in Children, Northwest 
Med. 38:129-131, 1939. (j) Donovan, E. J., and Santulli, T. V.: Gastric and Duodenal Ulcers 
in Infancy and in Childhood, Am. J. Dis. Child. 69:176-179, 1945. (k) Downes, W. A.: 
Perforated Duodenal Ulcer in a Child, Ann. Surg. 77:756-758, 1923. (1) Angel, F., and 
Angel, E.: Duodenal Ulcer in Childhood: A Case of Perforated Duodenal Ulcer in a Boy 
of 12 Years, South Med. & Surg. 97:574, 1935. (m) Tashiro, K., and Kobayashi, N.: Duodenal 
Ulcer in Infancy and Childhood: Case of Perforated Duodenal Ulcer in Child of 7, Am. J. 
Surg. 29:379-383, 1935. (n) Orlov, M.: Perforated Ulcer in a Child: Report of a Case, 
West. J. Surg. 56:326-328, 1947. (0) Palmer, D. W.: Duodenal Ulcer in Infancy, Ann. Surg. 
73: 545-550, 1921. 

2. (a) Miller, R.: Gastromegaly from Chronic Duodenal Ulcer in a Child, Arch. Dis. 
Childhood 5:133-136, 1930. (b) Theile, P.: Beitrag zur Kenntnis der Geschwiirsbildungen des 
Magens und Duodenum im Kindesalter, Duetsche Ztschr. Chir. 150:275-286, 1919. (c) 
Alsberg, J.: Uber das Ulcus duodeni im ersten Lebensjahrzehnt, Arch. Verdauungskr. 27:396- 
406, 1921. (d) Karstad, J.: Two Cases of Perforating Ulcer of the Duodenum in Child- 
hood, Acta chir. scandinav. 56:82-84, 1923. (e) Thévenard, M.: Ulcére de la séconde portion 
du duodénum chez un enfant de 11 ans, Paris Chir. 14:590-596, 1922. (f) Dienstfertig, A.: 
Zum chronischen Duodenalulkus im Kindesalter, Deutsche med. Wschnschr. 49:1017-1018, 1923. 
(g) Carrick, W. M.: Duodenal Ulcer in Child 10 Years Old Diagnosed Radiologically, Brit. 
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INCIDENCE 

Peptic ulcer of any kind in infancy and childhood, up to the age of 16 years, is 
generally considered to be rare, and the chronic type, being outnumbered greatly 
by the acute, is excessively rare in the experience of practically all observers. An 
enormous amount of statistical data can be assembled in support of this opinion. It 
has been suspected for a long time, however, that chronic duodenal ulcer occurs in 


childhood considerably oftener than the number of reported cases indicates because 


case histories of adults with ulcer occasionally reveal symptoms attributable to it 
which began in childhood ; and now a number of case reports in recent years concern 
adults with chronic duodenal ulcer who were known to have the same affliction in 
childhood and were treated for it then. 

Recently, Alexander * reported an unsusually high incidence of duodenal ulcer 
in childhood. In an x-ray study of the gastrointestinal tract of 254 children between 
the ages of 2 and 14 years inclusive, he made a diagnosis of ulcer 30 times, but the 
reader is left in doubt about the important factor of ulcer type—whether acute or 
chronic. 

Our experience at the Northwest Clinic during the last 25 years is in harmony 
with the prevalent opinion that this condition, chronic duodenal ulcer, is rare and 
unusual in childhood even with the upper age limit extended to the 16th birthday. 
During this quarter of a century we have seen and recognized only two such cases, 
one in a 14-year-old boy and the other in a girl aged 12 when first examined here. 

Whatever the true incidence of this affliction actually is, there can be no doubt 
that cases with surgical treatment are exceedingly rare. This quite astounding fact 
has already been emphasized. Our experience is limited to the one case reported 
in this paper. 

Ladd and Gross * mention only two personal experiences in their textbook. 

Two papers published in 1945 from two New York hospitals reveal an unusual 
surgical experience for even large institutions to have with the peptic ulcer problem 
of childhood and early adult life. At Mount Sinai Hospital, Winkelstein * studied a 
group of 24 patients whose ages, in most instances, fell between 12 and 15 years 
when first seen; many were operated upon for ulcer sooner or later, but only one, 
so it appears, while still under the age of 16, a gastroenterostomy being performed 
which did not prove to be permanently successful. Donovan and Santulli *) reviewed 
nine cases in which the patients had been admitted to Babies Hospital from 1930 
to 1944, with no attempt made to classify the ulcers; they included both gastric and 
duodenal types without regard to their acute or chronic nature. Three of the four 
patients with apparently chronic duodenal ulcers of childhood in this group eventu- 
ally had surgical treatment for their ulcers but not until later, two at the age of 17 
and one at the age of 21 years. These authors followed this review of cases with a 
detailed report of one of their own (Case 9, Table 1). 

An early paper in the American literature on chronic peptic ulcer in children is 
that of Proctor,® published in 1925. In it he revealed that a posterior gastroenter- 


3. Alexander, F. K.: Duodenal Ulcer in Children, Radiology 56:799-811, 1951. 

4. Ladd, W. E., and Gross, R. E.: Abdominal Surgery of Infancy and Childhood, Phila- 
delphia, W. B. Saunders Company, 1941, pp. 19-22. 

5. Winkelstein, A.: Peptic Ulcer in Adolescence: Its Relation to Pituitary Dysfunction, 
J. Mt. Sinai Hosp. 12:773-775, 1945. 

6. Proctor, O. S.: Chronic Peptic Ulcer in Children, Surg., Gynec. & Obst. 41:63-69, 1925. 
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ostomy was performed in 1914 at the Mayo Clinic upon a 13-year-old boy for 
duodenal ulcer. This is a particularly noteworthy event for it appears to be the first 
instance of surgical treatment in this country for chronic duodenal ulcer of childhood. 
Carman’s statement in 1923 from the same place evidently refers to this child. In a 
personal communication to Carrick ** he said that “the youngest patient seen at the 
Mayo Clinic suffering from a duodenal ulcer was 15 years of age.” Apparently not 
until 1930 was another child treated surgically at the Mayo Clinic for such an 
ailment. 


The first detailed case report in this country of an operation of this kind appears 
to be that of Dickey,’* published in 1926. A pylorectomy and posterior gastro- 
enterostomy was performed the preceding year by P. K. Gilman on a 14-year-old 
boy who had been treated medically for longer than a year in the pediatric depart- 
ment of Stanford University Medical School (Case 1, Table 1). 

As early as 1907 a successful posterior gastroenterostomy was performed in 
England on a 14-year-old boy for duodenal stenosis due to a cicatrizing ulcer of 
long standing. Mr. F. F. Burghard was the surgeon, but a report of this case was 
not made until 1930.** Prior to this time the surgical treatment for peptic ulcer of 
infancy and childhood had consisted almost exclusively of closure of perforated 
gastric ulcers, often discovered at operation and nearly always too late for successful 
results. Bichat,”! in France, pioneered a change for the better in this regard in 1910 
when he successfully closed a perforated duodenal ulcer, presumably of the chronic 
type, in a 14-year-old girl who was thought to have either a gastric perforation or a 
ruptured appendix. The following year Imfeld,?™ in Germany, carried out a similar 


operation on a 15-year-old boy, but not until 1913, according to my investigation of 
the literature, was an operation performed in Europe for a duodenal ulcer of child- 
hood which had not perforated. That year Theile *” operated upon a 15-year-old boy, 
in Germany, for stenosis due to a calloused ulcer just distal to the pylorus. This case 
was not reported, however, until 1919. 


REPORT OF CASE 


On Nov. 2, 1951, K. M., a 12-year-old girl, was first seen in the medical department of the 
Northwest Clinic. She complained of abdominal pain which had troubled her at intervals over a 
two-year period. Epigastric distress was a prominent symptom. It was described as a steady 
and heavy sensation which was frequently aggravated greatly upon the ingestion of food. 
Because of this threat, food was refused frequently, and considerable weight loss was suffered. 
Excitement made the pain worse. It often appeared in the early morning hours and greatly 
disturbed sleep and rest. It frequently radiated all over the abdomen and also to the right 
shoulder region. Its description did not suggest distress of a hunger or burning type. 


An appendectomy had been performed two years previously without relief of symptoms. 
Since then considerable medical attention had been given by the family physician without 
satisfactory results. Sodium bicarbonate taken occasionally gave no relief. 

There had been a 9 Ib. (4 kg.) weight loss during the three months preceding her examina- 
tion at the Clinic. Irritability of temperament became worse, and application to routine work 
became very unsatisfactory. Piano lessons were discontinued because of this. 

Physical examination revealed an indefinite mass in the right upper abdominal quadrant, 
with marked tenderness in this region and in that of the right kidney posteriorly; otherwise 
nothing noteworthy was found. The weight was 109 Ib. (49.5 kg.). The temperature was 
normal. Routine laboratory examinations of the blood and urine showed nothing abnormal 
when first carried out. Twelve days later the hemoglobin was 74% and the red blood cell 
count 4,120,000. Stool examination was negative for blood. The serologic reaction was negative. 
Gastric analysis, following an Ewald meal, gave a total acidity of 31 and a free acidity of 21. 





CAMERON—CHRONIC DUODENAL ULCERS OF CHILDHOOD 835 


Intravenous pyelograms revealed no abnormalities except for right nephroptosis upon 
standing. A Graham-Cole x-ray examination of the gall bladder revealed a normal organ. 

Gastrointestinal x-ray examination on Nov. 5, 1951, during and after the ingestion of a 
barium meal showed the stomach to be normal in size, shape, and position. The peristaltic 
waves were normal. Considerable spasm in the distal end of the stomach was noted. A small 
ulcer crater was found at the pylorus. Whether it was in the duodenum or the stomach remained 
undetermined by this examination (Fig. 1). The duodenal cap filled out well, but it was irritated. 
The second and third portions of the duodenum were normal. Fluoroscopic examination after 
six hours showed a slight gastric residue. X-ray examination after 24 hours showed the barium 
to be distributed throughout the colon. No gastric residue was seen now. The haustral markings 
were normal. The x-ray diagnosis therefore was ulcer at the pylorus with slight six-hour residue. 

The internist in charge of the case, Dr. Paul Breslich, evidently felt that the ulcer was 
duodenal, for on Nov. 7, 1951, he wrote the family physician in part as follows: 


Fig. 1—First x-ray examination Nov. 5, 1951—small duodenal ulcer crater is seen at the 
pylorus. Roentgenologist was in doubt as to its exact location, whether duodenal or pyloric. 


The final diagnosis was duodenal ulcer and spastic colon. In spite of the bizarre history I am 
hopeful that the discovery of the pathology in the duodenum will explain this girl’s symptoms. 
She has been placed on ambulatory Sippy management as a clinical test and will report in ten 
days so that it will be possible to evaluate the results of this kind of treatment. 

During the next nine days while an ulcer diet and alkali medication were being given, the 
patient was free from discomfort. She had returned home and to school, but at the end of these 
nine days the supply of alkali tablets was exhausted and without them the attacks of epigastric 
pain recurred promptly. The next day, Nov. 15, she returned to the Clinic. 

At this time further directions were given for continuance of the ambulatory medical 
management with a sufficient supply of alkali tablets provided. Apparent improvement followed 
for longer than three weeks, and then, after a highly emotional seizure and attendance at a 


party where the ulcer diet restrictions were disregarded completely, there was prompt recurrence 
of severe epigastric pain before the night was over; it was accompanied by repeated episodes 


of vomiting. 
She then returned to the Clinic on Dec. 13, for her third visit. At this time a second 
fluoroscopic and roentgenographic examination was carried out after the ingestion of a barium 
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meal. Again the positive findings were at or near the pylorus. They consisted of deformity 
in this region and irritation of the distal end of the stomach. The duodenal cap filled out well. 
There appeared to be slight prolapse of the gastric mucosa into the cap (Fig. 2). 

Hospitalization was now resorted to in order to assure strict medical management of the 
ulcer. At the end of 10 days no satisfactory progress was noted. All this time the symptoms 
persisted, and on the sixth day of hospitalization a third fluoroscopic and roentgenographic 
examination was carried out after the ingestion of a barium meal. This time considerable 
spasm of the distal end of the stomach was observed together with deformity at the base of 
the duodenal cap. The latter filled out well. There was no gastric residue at the end of six 
hours. The roentgenologist’s diagnosis again was peptic ulcer, with a question about the exact 
location—whether it occurred proximal or distal to the pyloric orifice (Fig. 3). 

A clinical diagnosis of refractory duodenal ulcer was now made by Dr. Breslich and surgical 
treatment recommended. 

The operation was performed on Dec. 28, 1951, with the patient under general anesthesia and 
through a vertical upper left rectus incision. A rather large inflammatory mass was found 


Fig. 2—Second x-ray examination Dec. 12, 1951, after medical management for five weeks— 
deformity is still present at pylorus; there is also evidence of a slight prolapse of the gastric 
mucosa into the cap. Roentgenologist was still in doubt concerning the exact location of the 
ulcer, whether duodenal or pyloric. 


at the outlet of the stomach, involving the pylorus, the proximal duodenum, and the hepato- 
duodenal ligament in a bewildering manner. Adhesions between this mass and neighboring 
structures, including the gall bladder and the pancreas, were dense and vascular. 

The exact location of the suspected ulcer was not determined until intraluminal inspection 
was provided through a longitudinal incision into the pyloric antrum. The ulcer was then seen 
to be located just beyond the pylorus in the anterior duodenal wall. It had a deep crater which 
was perforating into the hepatoduodenal ligament. The adjacent walls of the pylorus and 
duodenum were excessively thick and edematous. The lesser curvature of the stomach was 


involved in this inflammatory reaction, which caused its distortion and shortening. 


Resection of about three-fourths of the stomach was estimated to have been carried out 
according to the Hofmeister technique. It included all of the distal end of the stomach and 
nearly all of the lesser curvature. The length of the latter, which was foreshortened as already 
stated, in the excised gastric segment measured 7 cm., and its greater curvature measured 16 cm. 
The weight of the specimen was 120 gm. 
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Excision of the duodenal ulcer was not a primary objective in this operation and was only 
imperfectly carried out, but great care was used to save every millimeter length of duodenum 
possible for closure regardless of its involvement and pathological changes such as ulceration 
and subacute inflammation. It was this kind of duodenal wall which was sutured in order to close 
the stump, a running chromic absorbable surgical (gut) suture being employed for mucosal layer 
approximation and an outer inverting one for the seromuscular coats, consisting of interrupted 
nonabsorbable surgical (silk) sutures of the Halsted type. In other words, no attempt was made 
to transect the duodenum distal to the ulcer for the sake of securing unaltered bowel wall for 
closure or to insure cure of the ulcer by its complete excision at the time of operation. 

Gastrointestinal continuity was restored by means of a retrocolic, no-loop, gastrojejunal 
end-to-side anastomosis, which was performed without the employment of anastomosis clamps. 
No tubes or drains were inserted either within or without the gastric segment or duodenal 
stump either preliminary to or after abdominal closure. Recovery was uneventful. The patient 
left the hospital on her ninth postoperative day. 


Fig. 3—Third x-ray examination Dec. 19, 1951—doudenal cap is seen to be filled out well 
but somewhat deformed at its base. Roentgenologist’s diagnosis was still ulcer, with a question 
as to its exact location. 


Before her discharge an Ewald meal was found to contain no free hydrochloric acid. 
Fluoroscopic and roentgenographic examination at the same time showed a satisfactory appear- 
ance and function of the stomach segment and the gastroenterostomy stoma (Fig. 4). Several 
similar checks subsequently have been equally satisfactory, except for the finding of a free 
acidity reading of 24 on Oct. 25, 1952. Whatever its significance, the patient, who was 13 years 
old in August, has continued to do well. There has been no recurrence of ulcer symptoms, her 
appetite is good, she can eat a full meal, and her weight gain during the 11 months which have 
elapsed since operation amounts to 16 lb (7.3 kg.). At no time during this period has she 
been given a diet or medication of any kind. 

Pathologist’s Report——Grossly the distal portion of the stomach from which this tissue was 
obtained for microscopic study was greatly altered. It was very thick, measuring 7 mm., 
whereas the fundic wall measured only 3 mm. in thickness. This change is found to be due 
for the most part to marked hypertrophy of the muscularis. Its interstitial fibrous tissue is 
edematous and diffusely infiltrated with a few small round cells and occasional polymorphonuclear 
leucocytes. In the serosa the inflammatory changes are more intense. It is thickened by scar 
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tissue. There are dense collections of round celis and polymorphonuclear leucocytes, especially 
about the many thin-walled blood vessels found here. The serosa also contains masses of large 
mononuclear cells whose cytoplasm is packed with the granular yellow pigment of changed 
blood which has escaped into the tissues of the stomach (Fig. 5). 


Fig. 5.—Distal portion of stomach adjacent to the subacutely inflamed chronic duodenal 
ulcer. Marked thickening of the greatly hyperthrophied gastric musculature is readily seen in 
this low-power magnification; submucosal layer is likewise greatly thickened, for the most 
part owing to edema. 
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Diagnosis—The diagnosis was subsiding acute inflammation of the serosa and muscularis 
of the pylorus adjacent to the duodenum, with marked hypertrophy of the muscularis of the 
antral portion of the stomach (Fig. 5). 


COM MENT 

Symptoms and Diagnosis.—The symptoms described by this child are not typical 
of peptic ulcer distress. The alertness of the internist, in spite of this fact, to the 
possibility of ulcer in so young a person was responsible for the prompt and revealing 
X-ray examination which was carried out. As early as the period from 1919 to 1924, 
roentgen diagnosis of gastroduodenal ulcer was made for 14 children under 15 years 
of age who were examined at the Maria Hospital in Stockholm, Sweden,’ and in 
1924 Carrick reported the radiological diagnosis of a chronic duodenal ulcer in a 
10-year-old boy in the British Journal of Radiology. The following year Proctor, 
who has been quoted extensively, emphasized that “the most important single factor 
in the diagnosis is the realization that chronic peptic ulcer occurs in children.” Con- 
tinued failure to realize this and to have x-ray studies for ulcer carried out in 
children as well as in adults is still in evidence, however. The frequent initial surgical 
approach to the problem of correct diagnosis by the futile performance of appendec- 
tomy bears witness to this fact. 


On the other hand, as important as fluoroscopic and roentgenographic examina- 


tions are, they too fail at times to reveal an ulcer which is present, even when it may 


be producing obstruction and is sought for by good roentgenologists. A case report 
by Kennedy *¢ is illustrative of a surprising error of this kind, as is Case 7 in Donovan 
and Santulli’s review from the Babies Hospital, where roentgenologic studies a 
second time revealed no abnormalities. However, in both instances in these two 
children, a duodenal ulcer was found soon afterwards at operation. Richter “ also 
had an experience of this kind, but he found the ulcers only after opening the 
duodenum. There were two ulcers on the posterior wall—described as superficial 
but evidently the source of prolonged and severe bleeding. Roentgen examinations 
in this case revealed nothing abnormal on two different occasions and to two different 
observers. 

In contrast with this, Kennedy reported the positive diagnosis of a duodenal ulcer 
in a 9-year-old boy both before and after operation but with failure of the surgeon 
to find it in the unopened duodentm. 

Difficulties of this kind with x-ray studies support the contention that duodenal 
ulcer in children, occasionally at least, is not so easily demonstrable as in adults. 

Surgical Indications and Procedures.—The indications for surgical treatment for 
chronic duodenal ulcer of childhood are the same as for adults. There is no contro- 
versy on this point, but opinions differ about the kind of operations which should be 
employed. Disregarding old techniques now largely or completely abandoned, 
which Tables 1 to 4 reveal, the present-day controversy is found to be largely 
gastroenterostomy versus extensive gastric resection. As yet, apparently, no vago- 
tomy operation has been performed in children. 

Ladd and Gross * favor gastroenterostomy and have employed it twice in children. 
For reasons not stated, except for their declaration that it is unnecessary, they are 


7. Michaélsson, E.: Falle von Ulcus peptic. postop. jejuni bei Kindern, nebst einem Beitrag 
zur Frage des Ulkus im Kindesalter, Acta chir. scandinav. 59:139-170, 1925. 
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opposed to any type of resection in the young although conceding that it has a 
definite place in the treatment of some adult cases, and in practice most surgeons 
have agreed with this idea throughout the years. While it cannot be denied that 
gastroenterostomy, as the most favored surgical treatment in these cases, has proved 
to be satisfactory in most instances in which postoperative results have been noted 
over a period of years, it should be emphasized that the same serious complication of 
stomal or jejunal ulcer can and does occur after its employment in children just as it 
does in adults, and there is no good reason to assume that it would not. 

Nearly 50 years ago Tiegel * reported a case illustrative of this danger, although 
not one of ulcer disease, in which an anterior gastroenterostomy was performed 
upon a 2-month-old baby for congenital pyloric stenosis. Death occurred three 
months later from profuse gastrointestinal hemorrhage. At autopsy two jejunal 
ulcers were found, one in the afferent and the other in the efferent limb of the 
anastomosis. 

In 1926 Michaélsson * reported on two patients with jejunal ulcer which com- 
plicated posterior gastroenterostomy operations for obstruction ; one of these patients, 
a 14-year-old girl, was operated upon by this author in 1918 for an obstructing 
pyloric ulcer, which, incidentally, had been revealed upon x-ray examination at that 
early date. Six months after this posterior gastroenterostomy operation, pain after 
meals occurred and persisted off and on. Four years later x-ray examination indi- 
cated a stomal ulcer. A second operation was then performed for a jejunal ulcer 
which was found in the distal limb of the anastomosis. A resection of the involved 
bowel segment together with a partial gastrectomy was performed with good results 
nearly two years later. Michaélsson’s reference to a second patient concerns an 
18-year-old girl who had had ulcer symptoms since the age of 14. She was operated 
upon elsewhere. 

A similar case report appeared in the American literature in 1933 when Strode 4 
described his experience with a posterior no-loop gastroenterostomy on a 10-year-old 
boy for a perforating and obstructing duodenal ulcer; seven months later serious 
gastrointestinal symptoms appeared. With the aid of x-ray study a diagnosis of 
stomal ulcer was made, and at a second operation a large ulcer was found in the 
jejunum to the left of the stoma. It was treated successfully by means of a subtotal 
gastric resection. 

It is evident from these case reports that stomal and jejunal ulcers complicate 
gastroenterostomy operations in children—that their youth is no factor in protecting 
them against postoperative disasters of this kind. It is well, therefore, when planning 
surgical treatment for duodenal ulcer in this young age group to adhere to the 
same precautions against stomal ulcer complications as have been found advisable 
for adults. Extensive gastric resection is one of the practicable and desirable means 
to insure this kind of protection. 

Apparently the first extensive gastric resection for chronic duodenal ulcer of 
childhood was performed in this country in 1929, The case was reported by Angel 


and Angel * in 1935. As has been stated, Strode’s resection for jejunal ulcer compli- 
cation was done in 1931 and reported in 1933. His report appears to be the first in 
the American literature. It is noteworthy that both these children had received 


8. Tiegel, M.: Uber peptische Geschwiire des Jejunums nach Gastroenterostomil, Mitt. 
Grenzgeb. Med. u. Chir. 13:897-936, 1904, cited by Michaélsson.? 
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previous surgical treatment for their ulcers only a short time before, one a simple 
closure of a perforation and the other a posterior no-loop gastroenterostmy. The 
third and last case report from this country, which I have found, is that of Orlov.7" 
It appeared in 1947 and concerned a 14-year-old boy with a perforated duodenal 
ulcer. Immediately after closeure of the perforation by C. E. Wiseman in 1945 an 
extensive gastric resection was done, but it did not include the entire length of the 
pylorus. Enough of it was left to effect a stump closure without invasion of the 
ulcer area. 

In my incomplete review of the foreign literature four more case reports of 
extensive gastric resection for chronic duodenal ulcer of childhood have been found ; 
they are those of Pototschnig,”° Melchior,*) Bouvier,”* and Badosa ** published in 
1927, 1942, 1949, and 1951, respectively. The first of the four is another instance of 
a primary partial gastrectomy carried out immediately after closure of an acute 
perforation. 

The operative results were reported to be good in all these seven cases of 
extensive gastric resection—three reported from our country and four from Europe. 
All patients had uneventful postoperative recoveries and none had recurrent ulcer 
symptoms when his case report was published. Only two of the patients had been 
observed for a period of years—Bouvier’s for 15 years and Angel and Angel’s for 
7 years. In both instances fluoroscopic and roentgenographic examinations were 
satisfactory at the end of these long periods of observation. 


SUMMARY AND CONCLUSIONS 

The surgical aspects of chronic duodenal ulcer are discussed as they pertain to 
persons under the age of 16; a case report is given in detail concerning a 12-year-old 
girl who was treated for a refractory ulcer by extensive gastric resection. Except for 
simple closure of acute perforation in chronic duodenal ulcer of childhood, gastro- 
enterostomy has been the operation of choice in this and foreign countries, but the 
danger of stomal and jejunal ulcer complications which attend this operation has 
not received the attention which it deserves both on theoretical grounds and from 
the standpoint of cases actually observed. A comprehensive review of the American 
literature has been carried out so far as case reports can be found which are detailed 
enough for satisfactory study and investigation. Only 14 such reports have been 


found, and they include one instance of jejunal ulcer complicating a posterior gastro- 
enterostomy. A very incomplete review of the foreign literature revealed no like 
complication after gastroenterostomy for duodenal ulcer of childhood but three 
instances of it are cited after gastroenterostomy for (1) congenital pyloric stenosis, 
(2) pyloric ulcer, and (3) duodenal ulcer in an 18-year-old girl who had been 
treated for it since she was 14. 


Among the 14 American and 17 foreign case reports reviewed, 3 children in the 
former group and 4 in the latter were subjected to extensive gastric resection for 
chronic duodenal ulcer. 

The surprisingly few case reports of chronic duodenal ulcer of childhood treated 
surgically emphasize the desirability for a detailed report of every one. A better 
understanding of this subject is afforded by contributions which distinguish clearly 
between acute and chronic peptic ulcer disease and which reveal also by title and 
otherwise the anatomical location of the ulcer. 
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Reports on long-term postoperative observations of these cases are relatively 
few. This fault is in obvious need of correction for satisfactory conclusions on the 
merits of points in question. In the light of our present knowledge, extensive gastric 
resection for duodenal ulcer of childhood has the same advantage over gastro- 
enterostomy as it does in adults; and there are no objectionable features to it which 
are due to age alone. 


DISCUSSION 


On Papers BY Drs. MAGLADRY, HERROD, AND MATHEWSON, 
Dr. COSTELLO, AND Dr. CAMERON 


Dr. Denton A. Coorrty, Houston, Texas: I should like to discuss briefly Dr. Magladry’s 
paper on acute gastroduodenal perforation. 

The use of simple closure as emergency treatment of gastroduodenal perforations is based 
upon the principle that the surgeon’s prime responsibility in such circumstances is to save life. 
In a comprehensive review, Turner has recently indicated that 75 to 80% of such patients have 
additional symptoms and that 35% require subsequent surgery. Also, according to Luer, in 10% 
of the patients reperforations may occur in the first five years, and a few have reperforations in 
the immediate postoperative period after simple closure. For the past year in the surgical 
services of Baylor University we have adopted a policy of employing gastric resection in prac- 
tically all patients with acute gastroduodenal perforations. Dr. H. LeRoy Brockman has 
recently reviewed our series of 47 such cases in which 42 of the patients were operated on by 
young resident surgeons, some of them doing their second or third gastric resection. In this 
series Of 47 cases there was one death, from cardiac arrest in a 62-year-old woman with 
known cardiac disease. Arrest occurred soon after the obdominal incision was made. After 
cardiac resuscitation by massage, the operator continued and completed the gastrectomy. The 
patient never regained consciousness. The decision to proceed with gastrectomy in this patient 
must be considered very poor judgement. 

Of importance is the time interval that elapses between the actual perforation and the opera- 
tive intervention. Of our patients, 70% were operated on during the first 12 hours. In about 
70%, more than 24 hours elapsed before operation, and one patient had had perforation for 72 
hours or more. The duration of the perforation has not ordinarily influenced the decision to do 
a gastrectomy. 

There are several features which recommend gastric resection in acute perforations. One is 
the ease with which gastrectomy may be accomplished during the acute phase. Most of these 
ulcers are located on the anterior surface of the duodenum leaving the duodenum relatively 
mobile on the head of the pancreas. The edema present actually facilitates the dissection in a 
manner comparable to the ease of dissection of an acute hydrops of the gall bladder. We have 
found that gastroduodenostomy (Billroth-I procedure) is a relatively simple operation in such 
circumstances. 

These patients were strikingly free of complications after operation. There have been two 
wound disruptions but no instance of peritonitis or abdominal abcess after operation. The 
majority of the patients have been discharged from the hospital before the 10th postoperative day. 

Gastric resection has been demonstrated to produce 85 to 90% good results in cases of peptic 
ulcer. Our experience, along with that of others, indicates that the risk of gastrectomy is not 
excessive when applied to acute perforations. On the basis of our experience, we therefore 
recommend subtotal gastric resection for almost all acute gastroduodenal perforations. 

Dr. M. M. ZINNINGER, Cincinnati: I should also like to discuss the first paper on gastro- 
duodenal perforations. 

(Slide) This is a composite picture showing our experience at the Cincinnati General Hospital 
over a period of 15 years, from 1935 through 1949. The operations are practically all performed 
by the resident surgeons, and the operative procedure which usually is simple closure of the 
perforation has changed very little during this 15-year period. 

The drop in the operative mortality rate from 21.7 to 4.3% has been brought about by a 
number of measures: first, the introduction of Wangensteen suction (in the beginning that was 
used only postoperatively, but now, as Dr. Magladry has indicated, as soon as the diagnosis is 
made, continuous gastric suction is started) ; second, improvements in anesthesia and the addi- 
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tional use of blood and other intravenous fluids and finally, the use of antibiotics. As you see, 
in the last period the mortality rate has dropped to a point where patients die principally because 
of unforeseen accidents or complications which cannot be averted. 

We, too, believe that some of these patients should be treated by gastric resection, but we 
were not willing to do so until antibiotic therapy became available. We have limited our indica- 
tions for gastric resection to those patients who have not had perforation for more than six 
hours, who have relatively little soiling of the peritoneum, and who are in good condition. I was 
interested to hear Dr. Cooley say that he and his colleagues had done resections in some patients 
who had had perforations for as long as 72 hours. Ordinarily we would not operate on a patient 
who had had a perforation for that length of time. 

(Slide) This is a small group of slightly different patients, also included in the other series. 
It is a five-year report of 128 cases. Of the five patients who died, there was in two instances far- 
advanced cirrhosis of the liver with ascites. One patient died of a ruptured aneurysm three days 
after closure of the perforation. Une had far-advanced pulmonary tuberculosis. That is what 
I meant when I said that patients who die under the present methods of management usually 
die of some unforeseen accident or complication. 

Our general procedure has been to close the perforation, rather than to resect, but, as I say, 
we are doing resections in some cases. We have done this for the reason Dr. Cooley indicated— 
because of the danger of reperforations and subsequent trouble that may require operation. 

Dr. B. W. Haynes, Jr., Houston, Texas: I arise to discuss briefly Dr. Cameron’s paper. 

Within the past several months we have seen an infant 6 weeks of age, who arrived in our 
hospital with symptoms and signs of massive gastrointestinal hemorrhage. At birth this child was 
premature and on admission to the hospital was in poor general condition, having undergone a 
rather long journey. 

In view of the uncontrolled bleeding, the child was operated upon, and a duodenal ulcer, 
which had perforated, was found in the first portion of the duodenum. 

In the preliminary dissection it was revealed that the ulcer was almost completely encircling 
the duodenum. Simple closure of the lesion was considered impracticable. For that reason a 
gastric resection was performed and approximately 50 to 60% of the stomach removed, and a 
gastrojejunostomy in the antecolic manner was accomplished. 

Postoperatively the child was noted to become cyanotic early and unfortunately died in 
approximately 48 hours. The postmortem examination revealed that the child had a congenital 
cardiac defect, in that there was a total absence of the mitral valvular leaflets. 

We thought this case would be of interest, particularly since to our knowledge it is the 
only reported case of a perforated and massively bleeding duodenal ulcer in an infant. 

Dr. CLaupeE Hunt, Kansas City, Mo.: I wish to discuss the problem of resection in the 
presence of perforation of gastric and duodenal ulcer. 

We have not taken the position that it is feasible to do a resection in the presence of an 
acute perforation of a duodenal ulcer. We have proceeded on the basis that the patient was 
unprepared for surgery, he was in shock, he had an acute catastrophe, and we think it is our 
problem to close the perforation, to institute what measures we can to save the patient’s life, 
and at a future date, at a more opportune time, if necessary, to do the resection. Therefore in 
cases of duodenal ulcer we have not performed the operation of resection for those lesions. 

Now, from the standpoint of gastric ulcer, we view that with a different attitude, and this 
is based upon an experience that I had a number of years ago in closing a gastric ulcer. Recovery 
was satisfactory. The patient disappeared from observation but returned later with an inoper- 
able cancer of the stomach. 

None of us can tell the cytology of a gastric ulcer prior to excision and microscopic study ; 
even when we have the abdomen open and examine it by manual palpation we cannot be certain 
of its true nature. Therefore, in gastric ulcer I think the best procedure is a gastric resection. 

Less than six weeks ago we had a patient with a perforated gastric ulcer. We did a resection 
on that patient, and recovery was uneventful. We have done that in cases of gastric ulcers on 
several occasions. 

The management of a perforated gastric jejunal ulcer or a stomal ulcer, in like manner, I 
think, should be resection. 
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We have closed two of these. They are difficult to approach and close, particularly if the 
anastomosis is retrocolic, as most of them are. In both instances the anastomosis broke down 
and the abdomen had to be reopened and a resection done, with recovery. 

We believe the best procedure is to disconnect the anastomosis and do a resection. 

Dr. STANLEY R. MAXEINER, Minneapolis: This is an unusually interesting series of papers, 
and I should like to make one or two remarks concerning each of them. 

I must challenge one statement in the first paper. Perhaps some of you know that for many 
years I was associated with Dr. R. E. Farr, who was a member of this society, and who wrote 
the book, “Farr’s Local Anesthesia.” I cannot help but defend local anesthesia against the 
challenge that 100% mortality results in cases in which it is used. 

Statistics from Johns Hopkins Hospital have been reported in the literature all over the 
world, because their highest mortality occurred with use of local anesthesia. If one anlyzes that 
report, one will find that this high mortality was due to the fact that local anesthesia was used 
only in substandard cases. 

Perhaps local anesthesia is not any better in many surgeons’ hands, but we personally are 
able to use it in more hazardous cases and with greater success than any other method of 
anesthesia. Recently, we had a patient with a bad heart who had been bedridden for two years 
with extreme cyanosis. We did a subtotal gastric resection for a bleeding lesion, with the 
patient under local anesthesia, with no ill affects, although other surgeons in the hospitals were 
apparently unwilling to accept this risk with use of general anesthesia. 

Finster, years ago, called attention to the fact that in cases of bleeding ulcers the mortality 
was higher if one waited longer than 48 hours to operate. Our experience has confirmed this 
repeatedly. I have repeatedly compared patients with bleeding ulcers to a bouncing rubber ball. 
If you operate on them on the first bounce, they stand surgery very well. On the next bounce, 
they do not go as high, and on the third bounce, they are likely not to go high enough to recover. 
As a result, we have made it a rule to operate on those persons who in our judgement require 
surgery, at a very early date, rather than to let them bounce too many times. 

The perforation of peptic ulcers is an extremely important subject. In my 25 years as con- 
sultant for the Veterans Administration Hospital in Minneapolis, I have encountered a large 
number of perforations. Dr. Culligan, attending surgeon, between 1927 and 1943, reported on 
89 patients, with 5 deaths, or a mortality of 5.9%. However, in the last 61 cases, there was but 
one death, with a mortality of 1.6%. These statistics approximate the lowest mortality rate 
that we were able to find in the English literature. 

One can always consider the possibility of resection in the presence of perforation, but again, 
whether or not it can be done, must be determined by surgical judgement. Dr. Lyle Hay, from 
the faculty of the University of Minnesota, who has charge of the surgical service at the Veterans 
Administration Hospital in Minneapolis, tells me that their resection mortality in the presence 
of perforation has not been greater than for closure of the perforation alone. 

I should like to compliment Dr. Angus Cameron on his presentation. It is a splendid addition 
to the literature, which is extremely meager. I have had no personal experience and therefore 
can add nothing to his remarks. 

Dr. Dean Saver, St. Louis: I feel sure that everyone cannot fail to be impressed with the 
remarkably low mortality rate reported by Drs. Cooley and DeBakey in their resections in acute 
perforations, especially so when one considers (as Dr. Cooley said) that these resections are 
being done by young residents, and when they are doing resection in these patients at apparently 
any hour of their perforation. 

Certainly the anteriorly situated ulcer that perforates, if the patient has not ingested food 
near the time of the perforation, seems to me to be a very favorable ulcer for resection, since then 
all the patient would have would be a sort of preliminary vaccination of his peritoneum and a 
mild chemical peritonitis. That should not and apparently does not have any effect whatever on 
the particular outcome. 


However, when one considers the rather sizable perforation (and some of them may be 2 cm. 
or more in diameter, in anteriorly situated ulcers), and particularly if a patient has had a meal— 
and I am sure all of us have observed the presence of large quantities of food in the general 
peritoneal cavity—in this instance it would seem the better part of discretion to regard such a 
person as suffering primarily from a bacterial peritonitis, limiting one’s efforts to closure of the 
perforation, reserving the gastric resection procedure for a future date. 
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It is with some trepidation that I view the problem, and I cannot fail to be impressed with 
Drs. DeBakey and Cooley’s very low mortality rate. 

If I might, I should like to comment on Dr. Costello's work. He has been an indefatigable 
worker at City Infirmary Hospital for the past several years. 

In the first 300 cases that he reviewed, the results were indeed very dismal. It was found 
that these patients were treated by nonintervention; as a matter of fact, they got no treatment 
excep morphine, and were permitted to have their hypotensions until bleeding stopped or they 
died—and many of them did die. 

Dr. Costello showed rather unequivocally that the “just do nothing” treatment was certainly 
lax to the nth degree. He also showed that the passing of nasal tubes and a host of other things 
that were tried in the treatment of these bleeders also was without any avail. 

As he came to study the cases further, he found that the only effective method of treatment 
was by massive blood infusion, and this he did. He also reviewed the cases which came to 
surgery, and found that the operative mortality was extremely high. That was to be expected 
because there was no expert anesthesiologist available. We did not have adequate blood 
replacement, nor did we have on occasion the operative team of which he spoke in his paper. 

In massive hematemesis, massive gastroduodenal bleeding, the problem seems to me that 
the hemorrhage must stop or be stopped if life is to be preserved. It is interesting that in a 
survey of some 300 consecutive patients gastrectomized for duodenal ulcer that we are presently 
surveying, for 150 of whom we obtained an accurate and detailed history, told us that they had 
bled massively, experiencing hematemesis or melena in the year preceding surgery. If an accurate 
history is sought, bleeding can be shown to have occurred in the past. 

Interestingly enough, of those 150 patients, 30 were admitted to the hospital with an acute 
massive hemorrhage; 25 of those 50 were operated on for the simple reason that the hemorrhage 
did not stop spontaneously, in spite of massive blood infusion. 

What do we mean by massive blood infusion? In one instance the patient received 37 pts. 
(18.5 liters) of blood before the conservative regimen was belatedly abandoned. 

We feel that some of these patients cannot be brought to the very best condition for surgery ; 
but, since they are bleeding, one must accept a proportionately greater risk engendered by their 
bleeding, and therefore surgery will carry a proportionately greater hazard—but they must be 
operated on. 

For example, in these 25 patients the highest red blood cell count (and this was with massive 
blood infusion) was 2,300,000, with 8 gm. of hemoglobin per 100 cc. One patient had a red 
blood cell count of less than 2,000,000. He vomited and passed blood by rectum in spite of our 
attempts at massive, and even intra-arterial, infusion. 

I am certain that as to gastroduodenal bleeders we can agree that no patient should ever 
be permitted to die of hemorrhage. There must be, and I believe there can be, and there is 
indeed a happy meeting ground, whereon considered conservatism and radical surgery blend. 

Finally, I should like to say that no patient who is a gastroduodenal bleeder should ever be 
sacrificed either to predatory procrastination or to predatory surgery. 

Dr. Georce W. Mactanry, Jr., San Francisco: Dr. Cooley has a remarkable series of 47 
primary resections with no deaths. Our experience does not agree with the figures he quotes 
from Turner, that in 78% of the cases there is a recurrence of symptoms. We agree with Dr. 
Zinninger that in very carefully selected cases, primary resection might be performed. 

We believe that routine primary subtotal gastric resection should not be employed for two 
reasons: First, our results of primary closure are sufficiently gratifying that we do not feel that 
gastric resection should be instituted as a primary procedure, and, second, we feel that the 
trend in the surgical treatment of perforated ulcer toward simple operative procedures has 
lowered morbidity and mortality rates appreciably. 

We agree with Dr. Hunt’s comments on the difficulties of determining malignant tumors in 
the presence of perforation and acute inflammation of the stomach. In over one-third of our 
patients biopsy specimens of the perforations were taken, but in most of those cases the speci- 
mens were unsuitable for accurate histological examination. 

I should apologize to Dr. Maxeiner for perhaps misleading him on my statements in regard 
to local anesthesia. Local anesthesia was used in the poorest risk cases, and we felt that for this 
reason our mortality rate in that group was higher. 
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Indications for and Technique of Surgical Treatment 


M. M. ZINNINGER, M.D. 
CINCINNATI 


[* MOST accounts of diverticula of the duodenum, it is argued. that while 
diverticula are of relatively frequent occurrence, they seldom produce symptoms 
of any clinical significance and that most of them therefore may be disregarded so 
far as active surgical treatment is concerned. This conclusion is in accord with my 
own experience and belief, since I have had occasion to remove only three duodenal 
diverticula in a surgical experience of more than 25 years. On the other hand, it 
is incumbent to point out that at times diverticula in this position may account for 
persistent and distressing symptoms, and it is for this reason that the physician or 
surgeon should not disregard the fact that the presence of a diverticulum of the 
duodenum may be the sole cause of pain or vomiting. 


It is well established that the duodenum is one of the frequent sites for the 
occurrence of diverticula. Distinction is usually made between primary or idiopathic 
diverticulum and the so-called ulcer-diverticulum or pseudodiverticulum. The latter 
is usually a small outpouching that occurs in association with duodenal ulcer and 
is apparently the result of the scarring brought about by repeated healing and 
reactivation frequently seen in ulcer in this location. These diverticula, or pseudo- 
diverticula, are usually small and in themselves do not cause symptoms. Such 
symptoms as do occur arise from the ulcer or pyloric obstruction ; these are relieved 
when the ulcer is resected, taking the diverticulum with it. Consideration of this 
type of diverticulum is not included in this presentation. 

The primary or idiopathic diverticula, with which this paper is concerned, arise 
almost exclusively on the concave side of the duodenum and seem to be related to 
defects in the musculature along the course of blood vessels entering or leaving the 
bowel. These diverticula usually have walls which are deficient in part or all of the 
muscular layers. They are numerically most frequent in the descending part of the 
duodenum, usually in the neighborhood of the ampulla of Vater, in which location 
they are usually small and of little clinical significance. The next commonest location 
is in the transverse part of the duodenum, especially in the fourth part, just proximal 
to the duodenojejunal junction. Diverticula here are frequently large and are 
oftenest the ones causing symptoms. The least frequent site is in the first part of 
the duodenum, just distal to the duodenal bulb. 


Read at the Sixtieth Annual Meeting of the Western Surgical Association, Houston, 
Texas, Dec. 6, 1952. 

From the Department of Surgery, University of Cincinnati College of Medicine, and 
Cincinnati General Hospital. 
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The incidence is not known with certainty but is variously reported as about 
1 to 3%, as judged on the basis of autopsy reports and the number of cases seen 
by radiologists in routine gastrointestinal x-rays. This estimation may, however, 
be much lower than is actually the case, as is shown by the report of Ackermann.* 
He tied off the pyloric and jejunal ends of the duodenum in 50 unselected cadavers 
and then distended the duodenum with a soft plaster-of-Paris mixture. After the 
plaster had set, the area was dissected. Of the 50 specimens examined in this 
fashion, 11 showed one or more diverticula, making an incidence of 22%. All of 
the diverticula arose from the concave pancreatic border of the duodenum, and all 
but four were buried in the substance of the pancreas. Practically all of them were 
globular in shape, with a relatively narrow neck. 

Radiologists, as a rule, pay little attention to diverticula, and in the description 
of their findings, they not infrequently include a statement that “a diverticulum of 
the duodenum was also seen.’”’ Clinicians also seem to have been so dominated by 
the idea that diverticula are of little clinical significance that it is at times hard to 
persuade them that surgical treatment should be considered. 

What then are the criteria which should lead the physician or surgeon to con- 
sider surgical treatment for these lesions? Infection, ulceration, bleeding, or 


perforation may, in some instances, cause such violent symptoms that surgery is 


clearly indicated, even though the diverticulum may not have been recognized as 
the site of the pathologic process. More frequently, however, the symptoms are less 
dramatic; they are chronic and persistent and usually consist of pain, anorexia, 
nausea, or vomiting, or any combination of these. The symptoms are generally of 
long duration and persistently refuse to abate after ordinary conservative manage- 
ment. In such cases, in order to implicate the diverticulum, it is usually necessary 
to show that it is of moderate to large size, that it retains barium or gas or both for 
a considerable period of time, and that no other abnormality is present which can 
account for the symptoms. Under such conditions, it is my belief that medical 
management is not indicated but that surgery should be recommended. 

The chief deterrent to more frequent surgical treatment has been the hazard of 
the operation, which however can be reduced materially by proper preparation and 
suitable surgical approach and management. There seems to be general consensus 
that for diverticula of the first and second portions of the duodenum, the approach 
should be from the lateral or right side of the duodenum. After division of the 
posterior peritoneal reflection, the duodenum should be rolled to the left; as a rule, 
the diverticulum can then be freed from the pancreatic tissue by sharp and blunt 
dissection. Since the wall of the diverticulum is usually thin and deficient in all 
or part of the muscularis of the bowel, this dissection must be done gently and with 
care. At times the diverticulum may be difficult to find. Mahorner* has recom- 
mended that in such situations it is helpful to distend the duodenum with air, using 
a No. 20 gauge needle and 20 cc. syringe for this purpose. MacLean * has found 
that in certain cases the dissection can be facilitated by opening the duodenum and 
inserting a finger into the diverticulum. The dissection can then be carried out over 


1. Ackermann, W.: Diverticula and Variations of the Duodenum, Ann. Surg. 117:403, 
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2. Mahorner, H.: Diverticula of the Duodenum: Report of 8 Surgical Cases, Ann. Surg. 
113:697, 1951. 

3. MacLean, N. J.: Duodenal Diverticulitis, Ann. Surg. 85:73, 1927 
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the finger as one might dissect a hernial sac. In the second portion of the duodenum 
the chief danger of the operation is possible injury to the common bile duct. For 
that reason, a number of surgeons believe that it may be advisable in certain difficult 
cases to expose and open the common duct and pass a catheter through it so that it 
can be more easily recognized. It seems to me that this is a needless precaution in 
the ordinary case. Pearse * has suggested the following technique for the purpose 
of averting injury to the common duct. The diverticulum is exposed in the usual 
manner, by rolling the duodenum to the left. Since injury to the common duct is 
more likely to occur when the neck of the sac is clamped and divided, he recommends 
that instead of placing a clamp across the neck of the sac, the diverticulum be 
deliberately incised from its apex to within 0.5 cm. of the neck. Inspection of the 
neck and the interior of the duodenum can then be carried out, with the use of a 
lighted retractor if necessary. When the surgeon is sure that the common duct or 
ampulla is not encroached upon, the excess portion of the sac is excised and the 
neck is inverted with sutures. This method described by Pearse may be useful at 
times, just as is the method of MacLean. In general, however, it seems to me 
that this much caution is not routinely necessary and adds the undesirable feature 
of opening the bowel. 

Most surgeons advocate clamping the base of the diverticulum after it has been 
completely freed and inverting the neck by suitable sutures after amputation of the 
sac. Ferguson,> however, advocates inversion of the entire diverticulum into the 
bowel without excision and cites eight cases in which this method was used with 
excellent results. He also advises that the patient be given a few swallows of 
barium some hours before operation and states that the white barium thus accumu- 
lated in the diverticulum aids in its recognition and thereby facilitates the dissection. 

There is no general agreement as to the best method for approaching diverticula 
of the transverse, or third and fourth portions of the duodenum. For those to the 
left, that is, distal to the superior mesenteric vessels, Mahorner recommends that 
the approach should be made by lifting the transverse colon out of the abdomen, 
incising the inferior leaf of the transverse mesocolon, exposing the superior margin 
of the duodenum, and then by careful dissection rolling the duodenum downward, 
thus lifting the diverticulum out of the pancreas. If the origin of the diverticulum 
is to the right, that is, proximal to the mesenteric vessels, he recommends approach- 
ing it from above the colon by dividing the gastrocolic ligament, exposing the 
duodenum, and then rolling it downward. An alternative method is that described 
by Mino and Livingstone.* In this procedure, for diverticula of the third and fourth 
portions of the duodenum, the dissection is started by lifting the colon out of the 
abdomen and incising the inferior leaf of the transverse mesocolon. The inferior 


margin of the duodenum is identified, and the duodenum is then turned upward 
and to the left so that the fourth and most of the third portions can be exposed. As 
this is done, the diverticulum is freed from the pancreatic tissue. 
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My own belief is that there is no routine maneuver that will be universally 
successful for easy exposure of diverticula in this part of the duodenum. In my third 
case, exposure through the gastrocolic ligament above the colon was first tried, but 
the diverticulum was not exposed. Thereupon, an approach was made by incision 
of the inferior leaf of the transverse mesocolon near the ligament of Treitz, and the 
diverticulum was then easily and quickly reached. Within the last month, Dr. 
William A. Altemeier, of our clinic, exposed a diverticulum of the third part of 
the duodenum by approaching it from the right and below, reflecting the duodenum 
upwards and to the left. It seems apparent that one approach may be more suitable 
in one case, while a different method may be more useful in another. 


As previously mentioned, in nearly 30 years of surgical practice I have encoun- 
tered only three cases of diverticulum of the duodenum in which I believed that the 
diverticulum was the cause of important clinical symptoms. In all three instances 
the patients were successfully treated by resection of the diverticulum. During the 
past 10 years, several of my colleagues on the faculty of the University of Cincinnati 
College of Medicine have also had occasion to remove duodenal diverticula. The 
patients in their cases were private patients, and all were cured by the operation. A 
review of the operative records of the Cincinnati General Hospital for the past 10 
years shows not one case of removal of a duodenal diverticulum. This would surely 
indicate that diverticula requiring operation are not frequent. A brief review is 
herewith given of six cases in which the diverticulum of the duodenum was removed. 


REPORT OF CASES 


Case 1—Mrs. W. W., a 47-year-old white woman, had symptoms of gall-bladder disease 
of several years’ duration, with several attacks of typical gallstone colic. An attack usually 
occurred after she had ingested a heavy meal rich in fat. The patient had been on a diet for 
two years, during which time such attacks became less frequent. At the same time, however, 
a new symptom developed, namely, vomiting of food eaten 24 to 48 hours earlier. These attacks 
were preceded by epigastric cramping pain without radiation through to the back as in the earlier 
attacks of gallstone colic. 

In the first x-ray survey made, the diverticulum was overlooked by the fluoroscopist. In 
x-rays made the following day for study of the gall bladder, the diverticulum was seen with 
gall-bladder dye in it and was wrongly interpreted as a visualizing gall bladder. It was at 
this time that I was first asked to see the patient. X-ray studies were repeated by another 
radiologist, and the findings are shown in Figures 1 and 2. These show the diverticulum to 
be obscured in the anterior-posterior view by the descending duodenum, but visualized in an 
oblique view. A film made 24 hours later shows barium in the colon and some still retained 
in and outlining the diverticulum. 

This patient was operated upon March 20, 1941. The gall bladder was found to be thickened 
with many stones in it and was therefore removed. The duodenum was mobilized by dividing 
the peritoneal reflection on the right and rolling the duodenum to the left and downwards. 
This procedure was used in the days before any publication had appeared on this method of 
exposure and was simply chosen as the most rational method of approach. The diverticulum 
was easily exposed and freed from the pancreas without difficulty. It was dissected to a 
neck, which was then clamped. The sac was cut off with a cautery, and the neck was inverted 
with two rows of continuous right-angle sutures of 00 chromic absorbable surgical (gut) 
suture material. The patient had an uneventful recovery, was discharged from the hospital 
on the 15th postoperative day, and has been entirely relieved of symptoms. Pathologic exami- 
nation of the diverticulum revealed that the wall was made up of well-preserved duodenal 
mucosa, with a thin layer of either muscular or fibrous tissue, moderate congestion of the 
vessels, and some scattered wandering cells. There was no striking inflammatory reaction, no 
ulceration, and no evidence of malignant growth. 
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Fig. 1 (Case 1).—A, anterior-posterior x-ray of stomach and duodenum which are filled 
with barium. Diverticulum not visible in this view. 8B, view in the oblique position, showing 
relation of diverticulum to duodenal cap and descending part of duodenum. 


Fig. 2 (Case 1).—A, appearance 12 to 18 hours after oral ingestion of gall-bladder dye. 
Gall bladder fails to visualize. Dye is visible in colon and faintly outlines diverticulum (arrows). 
B, appearance of diverticulum 24 hours after ingestion of barium. 
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Comment.—While this patient had classic symptoms of gall-bladder disease and 
had undoubted cholecystitis with cholelithiasis, it seems obvious to me that the 
symptom of vomiting of food ingested 24 to 48 hours earlier could only have been 
due to retention of food in the diverticulum. I believe that cholecystectomy alone 
would not have led to complete relief of symptoms. 


Case 2.—R. S., a 34-year-old white woman, was seen in 1950. At that time she gave a 
history that she had had a “nervous stomach” for years. However, about two years before I 
first saw her, she began having attacks of a throbbing or drawing feeling in the pit of her 
stomach, unassociated with food or relieved by it. In spite of various medications and diets, 
this feeling continued. For six months the symptoms were much worse, consisting of severe 
epigastric pain which was more or less continuous and associated with gaseous distention. 
Although there was no nausea or vomiting, considerable anorexia developed, and the patient 


Fig. 3 (Case 2).—Appearance of diverticulum 15 minutes after ingestion of barium. 


lost 20 Ib. (9 kg.) in 18 months. The physical examination was essentially noncontributory, 
except for slight emaciation (the patient weighed only 95 Ib. [43 kg.]) and mild secondary 
anemia. 

The x-rays showed a large diverticulum arising at the junction of the first and second 
portions of the duodenum. In the preliminary film the diverticulum was seen to be filled with 
gas but could not be recognized as a diverticulum until it was outlined by barium. Barium 
and gas could be recognized in the diverticulum in a series of films made 6, 10, and 24 hours 
after ingestion of the barium. No other abnormalities of the gastrointestinal tract were noted. 
Figure 3 shows the diverticulum 15 minutes after the barium meal. Operation was performed 
on Jan. 23, 1950. On opening the abdomen, the diverticulum could be seen projecting upwards 
and to the right in the retroperitoneal tissues just lateral to the common bile duct. No 
abnormality of the stomach, pylorus, pancreas, gall bladder, or bile ducts could be demon- 
strated. The diverticulum was easily dissected to a narrow neck, arising near the junction of 
the first and second portions of the duodenum. The neck was doubly clamped and cut with a 
cautery, and the stump was inverted with two rows of continuous right-angle sutures of 00 
chromic gut. The abdomen was closed without drainage, and the patient made an uneventful 
recovery, being discharged from the hospital on the 10th postoperative day. She has gained 
10 Ib. (4.5 kg.) in weight and has been relieved of her epigastric pain since operation. 

Pathologic examination of the specimen revealed a thin-walled sac 4 cm. in greatest diameter, 
the wall consisting chiefly of mucosa with a thin fibrous or muscular exterior layer. Several 
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superficial ulcerations of the mucosa varying in size from 2 to 5 mm. were found, together 
with a hemorrhagic cyst at the dome. Only moderate evidences of inflammation were found 
microscopically. It might be added that the presence of ulceration was not suspected at the 
time of operation. 


Case 3.—K. D., aged 60, a short, heavy-set, white man, complained of indefinite epigastric 
pain of mild intensity, which had begun about three years previously. This pain had continued 
without much change until approximately two months before admission to the hospital, when 
he began having episodes of severe, cramp-like, lower retrosternal pain superimposed on the 
more or less constant deep epigastric pain. On several occasions he felt as if he would have 
to “double up” with this pain. He usually obtained some relief by lying on his abdomen with 
his arms and legs extended. There seemed to be no relation of these severe attacks to the 
ingestion of food. There was no food intolerance and no nausea or vomiting. However, 
anorexia had developed, and the patient reported a weight loss of 12 lb. (5.4 kg.) in six 
months. As the national secretary for a men’s luncheon organization, the patient found himself 
greatly handicapped. His anorexia and fear of having an attack of pain at a luncheon meeting 
made him doubtful of his ability to retain his position. Physical examination revealed an obese 
gentleman of short stature. There was point tenderness on pressure in the epigastrium, but no 
mass or organs were palpable. The blood count and other laboratory studies revealed nothing 
abnormal. X-rays showed a large, somewhat bilobed diverticulum arising from the third or 
fourth part of the duodenum, which retained barium for more than 24 hours. No other abnor- 
mality was demonstrated. 

He was seen by a medical consultant chiefly interested in gastroenterology, who made the 
following comment: “I am not convinced that his symptoms are due to the diverticulum. 
Conservative therapy appears in order at the moment. If there is no improvement, exploratory 
laparotomy might be considered.” His attending physician, nevertheless, asked me to see the 
patient, and both he and the patient readily accepted my suggestion that operation for removal 
of the diverticulum be carried out promptly. 

The patient was operated upon March 10, 1952. When the abdomen was opened a few 
adhesions were found in the right upper quadrant involving the transverse colon, duodenum, 
omentum, and anterior abdominal wall. The stomach, pylorus, and duodenal bulb appeared 
normal, as did the gall bladder and pancreas. The gastrocolic ligament was opened, and an 
attempt was made to find the diverticulum to the right of the mesenteric vessels. When this 
approach failed to reveal it, the colon was lifted up, the inferior leaf of the transverse 
mesocolon was divided just proximal to the ligament of Treitz, and after exposure of the 
upper margin of the fourth portion of the duodenum, the latter was rolled downwards. As 
this was done, the diverticulum was soon found and was delivered by sharp and blunt dissection 
out of the pancreas in which it was embedded. After complete isolation of the sac, its neck was 
doubly clamped and cut with the cautery, the stump was inverted with two rows of con- 
tinuous right-angle sutures of 00 chromic gut, and the abdomen was closed without drainage. 
The patient made an uneventful recovery, and left the hospital on the 11th postoperative day. 

At the time of operation a soft mass was palpable in the diverticulum. It was thought 
that this might be a polyp, but examination of the specimen showed that it was a piece of 
vegetable material retained in the sac, even though the patient had been given a liquid diet 
48 hours before operation and had had continuous gastric suction for 12 hours immediately 
preceding operation. Pathologic examination revealed the sac to be 1.5 by 3.5 cm., containing 
the fecal material described above. The wall consisted of mucosa with a little fibrous tissue 
surrounding it and with evidence of low-grade chronic inflammation. 

The most gratifying feature in this case is the excellent therapeutic result. The patient 
states that all his previous discomforts have disappeared. He eats normally without fear of 
pain or discomfort and says he feels better than he has for a number of years. He has 
resumed his previous activities with vigor and enthusiasm. 


Comment.—In addition to the three cases just reported, I find three other cases 
in which diverticula of the duodenum have been operated on in the last 10 years 
by several of my colleagues in the department of surgery of the University of 
Cincinnati College of Medicine. With their permission, I shall also give brief 
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resumés of these cases. All the patients were private patients ; | have already pointed 
out that there have been no cases of diverticulum of the duodenum in the ward 


service at the Cincinnati General Hospital. 


Case 4.—A white man, aged 43, was operated upon by Dr. Paul Hoxworth in 1943. This 
patient had symptoms suggestive of duodenal ulcer, consisting principally of epigastric pain 
after meals. He was treated as if he had duodenal ulcer, even though three x-ray studies of 
the upper gastrointestinal tract failed to show evidence of an ulcer. Each of these studies did 
show a large diverticulum of the third portion of the duodenum, which retained barium for more 
than 24 hours. Inasmuch as the treatment for ulcer failed to relieve his symptoms, and x-ray 
studies showed no evidence of ulcer, the patient went through psychiatric consultation. This 
also failed to be of help in revealing any cause for his pain, nor did it give him any relief. 


Fig. 4 (Case 3).—A, appearance ot diverticulum of fourth part of duodenum, 20 minutes 
after ingestion of barium. B, same patient on 10th postoperative day. 


Because of the retention of barium in the large diverticulum, Dr. Hoxworth recommended 
surgical removal, which was performed in May, 1943. The x-rays indicated that the diverticulum 
arose from the third portion of the duodenum to the right of the superior mesenteric vessels. 
Exposure was obtained through the gastrocolic ligament. The upper margin of the duodenum 
was found and was rolled downward. As this was done, the diverticulum, which was about 2.5 
to 3.0 cm. in diameter, was freed from the pancreas in which it was embedded. The neck was 
doubly clamped, cut with a cautery, and the stump inverted by two rows of sutures. The 
patient made an uneventful recovery, and has been entirely relieved of his symptoms. 

Case 5.—A white woman, aged 52, was operated upon by Dr. William A. Altemeier in 
1947. She complained of right upper abdominal pain which radiated to the back and which had 
become gradually worse over a period of months. This pain was not relieved by food or by alkalis, 
but was relieved by vomiting. Two x-ray examinations were made, which failed to reveal a peptic 
ulcer thought to be the cause of the patient’s symptoms. A third roentgenologic study revealed 
a large diverticulum of the descending portion of the duodenum, which had been overlooked 
before. It apparently arose medially and posteriorly and was obscured by barium in the duodenum 
unless the patient was observed in the oblique position. This patient was treated for six months 
by various conservative medical regimens, with no relief of her symptoms. 

At operation, the diverticulum was exposed by dividing the lateral peritoneal reflection of 
the duodenum, rolling the duodenum to the left, and delivering the diverticulum out of the pan- 
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creas by sharp and blunt dissection. The neck was freed and divided between Kocher clamps. 
The stump was inverted by a continuous gut suture, reinforced with nonabsorbable surgical 
(silk) mattress sutures. The patient made an uneventful recovery and was entirely relieved of 
her symptoms. 

Case 6.—Mrs. M. R., a white woman, aged 32, was also operated upon by Dr. William A. 
Altemeier. She was admitted to the hospital on Oct. 27, 1952, with a chief complaint of abdominal 
pain of one year’s duration. In 1946 a cholecystectomy was performed for cholelithiasis. She 
remained well for five years and then began to have a more or less continuous feeling of epi- 
gastric fulness. This feeling was accompanied by recurrent attacks of severe pain in the right 
ppper quadrant, which radiated into the interscapular region. Ingestion of solid food precipitated 
attacks ; consequently, for nearly a year she had subsisted almost entirely on strained baby foods 
and had lost 40 Ib. (18 kg.) in weight. 

The physical examination was noncontributory, except for moderate point tenderness in the 
right upper quadrant. The x-ray study showed a large diverticulum arising from the transverse 
part of the duodenum. 

This patient was operated upon Oct. 31, 1952. The diverticulum was exposed by incising the 
peritoneal reflection on the right side of the duodenum and rolling the duodenum to the left. 
The division of the peritoneum was continued along the lower margin of the duodenum, so that 
it could be mobilized upwards as well as to the left. Location of the diverticulum was facilitated 
by the injection of 50 cc. of air into the duodenum. The diverticulum measured 1 by 2.5 cm., 
arose from the third portion of the duodenum, and extended upwards into the pancreas at right 
angles to the long axis of the duodenum at this point. As the duodenum was rolled upwards, 
the diverticulum was delivered out of the pancreas. The neck was clamped and divided, and the 
stump was inverted with Halsted mattress sutures of silk. The operative exposure and the 
appearance of the diverticulum at the operation are shown in the lantern slides which Dr. Alte- 
meier has kindly allowed me to use. The patient made an uneventful recovery and was dis- 
charged from the hospital on Nov. 12, the 12th postoperative day. 

Study of the specimen showed that the wall was made up only of mucosa and muscularis 
mucosa, with a moderate chronic cellular infiltration in the surrounding stroma. 


Comment.—In these three additional cases the same general pattern of symptoms 
was exhibited, and treatment was the same as in the preceding cases reported. In 
each instance the diverticulum was large and retained barium for a prolonged period 
of time. Nothing other than the diverticulum could be demonstrated as a cause for 
the patient’s symptoms. The decision to remove the diverticulum was made only 
after failure of other measures. In all cases the symptoms were cured by removal 
of the diverticulum, although in the last case it is too early to know whether the 
relief will be permanent. The method of exposure for removal of the diverticulum 
was different in each instance, and this shows that each case of this sort should be 
studied thoroughly and that the approach must be carefully planned. The last case, 
Case 6, was approached in a novel fashion, one that I have not seen previously 
described in the literature. It is generally recommended that in diverticula of the 
transverse portion of the duodenum, the superior margin of the duodenum be 
exposed and the duodenum be mobilized and displaced downwards. In the approach 
used by Dr. Altemeier, the lower margin of the duodenum was exposed, and the 
duodenum was mobilized and rolled upwards. A similar approach to the fourth 
portion of the duodenum from the region of the ligament of Treitz has been used 
and reported by Drs. Mino and Livingstone and was referred to earlier. With this 
method the duodenum is freed at its lower margin and rolled upward from its free 
“antimesenteric” edge, rather than displacing and rolling it downward. It would 
seem that one or the other of these approaches more nearly corresponds to the 
generally accepted approach to diverticula of the descending duodenum from the 
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right or “‘antimesenteric” side, and in the future may prove to be more valuable and 
less dangerous than dissection from above downward. In any event, an effort should 
be made before operation to determine by x-rays whether the neck of the diverticu- 
lum arises to the left or to the right of the mesenteric vessels. This is important 
because exposure from either the upper or the lower margin of the transverse portion 
of duodenum must be from the right or from the left, depending on this relation. 
Failure to find the diverticulum easily by any given method should influence the 
surgeon to change his tactics and to try another approach. 


SUMMARY AND CONCLUSIONS 


Diverticula of the duodenum, though frequently present, rarely cause significant 


symptoms. In those instances in which the diverticulum is large and retains barium 
for 24 hours or longer and in which no other cause for the patient’s symptoms can 
be demonstrated, operation for removal of the diverticulum is indicated. The tech- 
nical management is discussed and illustrated by six case reports. 


DISCUSSION 

Dr. WILLARD Bart ett, St. Louis: I should like to call to your attention a method which 
I employed five years ago as an alternative to the classic procedure described by Dr. Zinninger. 
It worked satisfactorily in one of my patients and in two subsequent patients whom I thought 
for various reasons were unsuitable candidates for the method just discussed. 

The first patient was a man in his middle 60’s. Efforts to verify a diagnosis of duodenal 
ulcer had been made by x-rays as well as by other studies at other places for several years, unsuc- 
cessfully. When the patient came to me, I was fortunate enough to see him at a time when the 
diverticulum in the second portion of the duodenum did fill, and a large one was readily demon- 
strable. He had ulceration in his diverticulum. He had had repeated hemorrhages, yet this was 
the first evidence of a bleeding lesion that anyone had been fortunate enough to find. 

The myocardium was in rather poor condition, and I preferred not to undertake direct 
approach to the diverticulum, partly because he had had previous cholecystectomy and I was 
afraid that things were going to be rather badly tangled up about his common duct, which was 
(as the common duct generally is) directly in juxtaposition to his diverticulum. Nor did I 
want to risk injury to the pancreas in this old man and have such a complication threaten his 
convalescence. 

Therefore I occluded the pylorus in the belief that diversion of food would permit healing of 
the ulceration in the diverticulum and that reactivation of trouble there would not follow. I 
did occlude it therefore, and those who are familiar with efforts to occlude the pylorus perma- 
nently know that it is rather difficult to do at times. 

I used a strip of his own fascia from the thigh, tying it down just to the point where it 
would obstruct the pylorus, as proved by the injection of water through a nasogastric tube into 
the stomach, yet not with sufficient tension to produce blanching of the tissues. 

I was confident (and there is evidence for this in other publications in the past) that main- 
tenance of occlusion could be produced in this way, and it has proved to be so. 

A gastrojejunostomy was then done. Because his preoperative gastric acidity was rather 
high, I did a vagotomy hoping that that would obviate or greatly diminish the risk of marginal 
ulcer. I should hardly have done him a favor, after all, by substituting marginal ulcer at the 
stoma for the ulcerative diverticulum of the duodenum with which he presented himself. 

He had been completely well since that time, and he died a few months ago. His heart 
perhaps was better than our consultants had rated it to be, because he lived four and a half 
years following the operation, completely free of digestive, symptoms. 

As I say, in two similar instances since then I have done the same procedure, which over a 
briefer period has given excellent results. I call it to your attention as an alternative to the 
classic approach, whether one is under the compulsion of severe local difficulties encountered in 
the operative field, or in the case of a person who is decidedly less than an ideal risk for such 
an operation. 
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Dr. CuesterR C. Guy, Chicago: I think there is little question of Dr. Zinninger’s thesis that 
the great majority of the diverticula of the duodenum are asymptomatic. An occasional one, 
however, may cause troublesome symptoms even in the absence of any evidence of infection, 
ulceration, or obstruction. I should like to present briefly a report of one such case that was 
instructive to us. 

The patient, a white woman, aged 61, had a long history of rheumatic heart disease. On two 
or three occasions a diagnosis of coronary thrombosis had been made. About a year before we 
first saw her she started having attacks of epigastric distress with vomiting of bile, and these 
attacks would precipitate chest pain, dyspnea, and other evidences of cardiac damage. 

(Slide) Her condition had been studied repeatedly in one of the large midwestern clinics, 
and she had been told that it was not understood how this small diverticulum of the distal 
duodenum could possibly produce these attacks. We doubted it ourselves. However, the attacks 
were increasing in frequency, until she was almost afraid to eat anything. She lost a good deal 
of weight, and she requested exploration. This woman had had her gall bladder removed a good 
many years previously. 


At abdominal exploration we found no other evidences of pathology except this small diver- 


ticulum, which was about the size of a 25-cent piece. There was no evidence of any infection 


or ulceration in it. We removed it. She made an uneventful recovery, and her attacks of epi- 
gastric distress and vomiting were completely relieved. 

She lived about two more years, during which time she had no attacks of this type at all. 
She died rather suddenly with another attack of coronary thrombosis. 

Dr. M. M. ZrInniNGeER, Cincinnati: I should like to thank Drs. Bartlett and Guy for their 
interesting remarks. 

Dr. Bartlett’s method of treating these patients has been described in the literature, but, by 
and large, it seems to me to offer more in the way of operative procedure than is necessary, 
because the removal of the diverticulum is usually fairly simple unless it happens to be badly 
inflamed. 

I think Dr. Guy perhaps misunderstood me a bit. I said that diverticula occurred frequently 
but that only occasionally did one cause symptoms. The frequency of diverticula is not estab- 
lished. It is ordinarly estimated to occur in about 3 to 5% of all patients, as judged by autopsy 
and roentgenologic studies. However, Ackermann took 50 unselected cadavers, tied off the 
jejunal and pyloric ends of the duodenum, and then inflated the duodenum with plaster of Paris, 
after which the specimens were dissected. In the 50 cases, he found 11 instances of diverticula 
of the duodenum, which would make an incidence of about 22%. If the incidence of diverticula is 
anywhere near that figure, then there are relatively few which produce symptoms. I agree that 
if the diverticulum retains barium and if nothing else can be found, operation should be recom- 
mended. I think Dr. Guy’s case illustrates that point. 
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N THE 14 cases presented here there is a definite history of the ingestion of 


persimmons and diospyrobezoar at surgery or necropsy. Available data pre- 


sented in 46 cases* in the literature are analyzed. The term diospyrobezoar was 
suggested by DeBakey and Ochsner? for concretions of persimmon origin in the 
gastrointestinal tract. These authors reviewed 311 collected cases of bezoars and 
concretions and found that 92 (29.5%) were diospyrobezoars. However, only five 
bezoars of other origin were encountered at the University Hospital during the 
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period of time represented by our 14 cases of diospyrobezoars. The University Hos- 
pital serves indigent patients from the State of Oklahoma, which is located in the 
persimmon belt. 
PATHOGENESIS 

The persimmon is a plum-like fruit of a tree which has a natural distribution in 
the states of Kansas, Oklahoma, Texas, Iowa, Illinois, Indiana, Ohio, and Pennsyl- 
vania. This geographic factor contributes to the regional occurrence of the diospyro- 
bezoar in the United States. The native American tree belongs to the genus dios- 
pyros of the ebony family. The commonest species in America is the Diospyros 
virginiana. The orange-colored fruit of the persimmon tree has a sweet taste and 
contains multiple seeds. The ingestion of this readily available fruit is quite preva- 
lent, and it is surprising that not more of these diospyrobezoars are encountered. 

Factors of less importance in the development of the diospyrobezoar seem depen- 
dent upon the gastric acidity, sex, occupation, and age of the person. Chont * col- 
lected the gastric analysis values of 26 cases of diospyrobezoar from the literature. 
All but 2 of the 26 patients had free acid. He concluded from experiments that 
incompletely ripe persimmons formed bezoars in any solution of decinormal hydro- 
chloric acid. Izumi and his associates * postulate the mechanism of formation in 
the following manner: An astringent soluble phlobatannin is present in the persim- 
mon. When unripe the persimmon contains a high content distributed throughout 
the berry. After the fruit is ripe, the soluble phlobatannin is present mostly under 
the skin and at the calyx. The process of ripening produces coagulation of the 
phlobatannin ; thereby it becomes insoluble and no longer astringent. In addition to 


ripening, coagulation may be produced by dilute mineral acids. Particularly with an 
empty stomach the ingestion of unripened or unpeeled ripened persimmons would 
allow coagulation and contact of the phlobatannin. A bezoar would occur by aggre- 
gation of fragments. 


The diospyrobezoar is found predominately in males (Chart 1). Among the 
men, the most frequent occupation is that of farmer (Chart 2). While the con- 
cretion may be found distributed throughout all decades, except in this series of 
cases in the second decade, the majority of patients are in the later decades of life 
(Chart 3). The youngest patient in our series was 2 years old and the oldest, 78. 


CLINICAL MANIFESTATIONS 

The initial symptoms of diospyrobezoar are dependent upon the degree of gas- 
tric irritation. Within 24 hours after ingestion of the persimmons most patients will 
have acute abdominal symptoms (Chart 4). The symptoms, characterized by 
abdominal pain, tenderness, nausea and vomiting, may be severer due to the pres- 
ence of an empty stomach at the time of ingestion. In a few days the acute symp- 
toms subside and are followed by the appearance of an abdominal mass (Chart 4). 
Initially, fewer patients will complain of mild upper abdominal symptoms. Alternat- 
ing constipation and diarrhea may occur. 


3. Chont, L. K.: Phytobezoar and its Formation in Vitro, Radiology 38:14-21, 1942. 
4. Izumi, S.; Isida, K., and Iwamoto, M.: Mechanism of Formation of Phytobezoar, with 
Special Reference to Persimmon Ball, Jap. J. M. Sc. Tr., II, Biochem. 2:21-35, 1933. 





O’'LEARY—DIOSPY ROBEZOAR 


SN 


1, cases - Author 
45 cases - Collected 


7 Number of cases 


SS 


\ 














Male 


Chart 1—Showing sex incidence 


ll cases - Author 
Wa 25 cases - Collected 


[_] number of cases 


30 + 
20— 


10+ 











0 


Chart 2.—Showing occupations of men patients in 36 cases of diospyrobezoar. 
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Chart 3.—Showing age incidence in 54 cases of diospyrobezoar. 
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Chart 4.—Showing the two most frequent clinical manifestations of diospyrobezoar in 54 cases. 
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Many patients will allow relatively long periods to transpire before seeking 
treatment. In 40 collected cases, 20 (50%) of the patients, and in our 14 cases, 5 
(36% ) of the patients had had symptoms six months or more. In 8 (57%) of our 
14 cases, the patients had marked weight loss. The symptoms become severer in 
the later course of the disease. This symptomatology is due either to an uncompli- 
cated gastric ulcer or to a gastric ulcer with complications or to acute intestinal 
obstruction. In our 14 cases, 10 (71% ) of the patients had a gastric ulcer (Chart 5). 
One or more complications of bleeding, penetration, or perforation occurred in this 
group. On admission severe bleeding was present in five patients (35.5%), pene- 
tration in four (28.7%), and a free perforation had occurred in one (10%) 
(Chart 5). A gastric ulcer may develop early in the course of the disease, since one 
patient was observed with a duration of symptoms of three weeks. However, four 
patients (28.4% ) with no demonstrable gastric ulcer had had symptoms of more 
than four months’ duration. 


WA Us cases - Author 


CJ Number of cases 


oo | oO 


Total gastric Gastric Ulcer Gastric Gastric Ulcer 
Uleers, All with Bleeding Uleer free 
lesser curvature, penetrated, perforation 


MSV 


K 


N 
\ 


SMW 








Chart 5.—Showing incidence and clinical manifestations of gastric ulcer complications in 
14 cases. 


An acute intestinal obstruction occurred in one case (Case 4). Of 46 collected 
cases, acute intestinal obstruction was present in 7 (15%). It is interesting that of 
these obstructions two occurred in the jejunum distal to the site of a gastroenter- 
ostomy, one in the rectum, and the remaining four in the distal ileum. 


DIAGNOSTIC AIDS 

The blood studies will show no significant alteration except in instances of active 
bleeding. Five patients had tarry stools and positive stool tests for blood and severe 
anemia. These patients were found to have an actively bleeding gastric ulcer 
(Chart 5). Only 6 of the 14 patients had a gastric analysis. In two of these patients 
no free acid was present in a single specimen. 

The preoperative diagnosis of a diospyrobezoar depends on fluoroscopy to estab- 
lish the free mobility of an intragastric mass. Occasionally the mass may be visual- 
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ized by the adherent barium on the 3-, 6-, or 24-hour films. The associated gastric 
ulcer may be less readily visualized. In 3 of our 10 cases, the ulcer was not found 
by fluoroscopy or x-ray examination but was revealed later at surgery or necropsy. 
Too much barium initially may obliterate a small diospyrobezoar, and repeat fluoros- 
copy may be necessary. This occurred in one instance. 


TREATMENT 

A diospyrobezoar in the gastrointestinal tract is indication for surgery. Outten ° 
records the first successful surgical removal of a gastric diospyrobezoar. During 
surgery, careful intragastric exploration is necessary to determine the presence of 
an ulcer. Complete penetration of the ulcer into an adjacent structure may necessi- 
tate either excision or closure to avert a postoperative acute perforation. Of our 
14 patients, 3 died. At necropsy the sequelae of a perforated gastric ulcer had caused 
death * (Case 4). The perforation had occurred in the preoperative period in 
one patient and during the postoperative period in two. If the associated gastric 
ulcer is complicated by a constant blood loss, anemia develops, necessitating preop- 
erative transfusions. 

Intragastric exploration determines whether or not multiple bezoars are present 
in the stomach. Multiple bezoars may be produced either by formation of individual 
concretions, or by a fracture during residence in the viscus, or by trauma at surgery. 
Of our 14 patients, 2 had multiple gastric bezoars, one being produced by a fracture 
at surgery. 

Concurrent gastric and intestinal diospyrobezoars may be encountered. In the 
presence of either, thorough exploration is mandatory (Case 4). McCarley '® and 
David ** report cases of gastric diospyrobezoars simulating carcinoma of the stomach. 
One of our patients with gastric diospyrobezoar with an associated gastric ulcer had 
had a free perforation. The patient was admitted to the University Hospital in the 
postoperative period, with a diagnosis of ulcerating gastric carcinoma. 


REPORT OF CASES 


Eight * of our 14 cases have been reported in detail elsewhere. The remaining 
six are reported. 


Case 1.—C. I 


a single white man, a farmer, aged 73 years, was admitted to University 
Hospital on Jan. 


1942, complaining of severe abdominal pain. 


2 
Day 

— 

/, 


Two months previously he had noted a lump in the epigastrium. Pain occurred. The pain 
increased in intensity and was severe. The mass did not increase in size. 

Two months prior to admission he ate some persimmons after the third frost. The patient had 
lost weight, but the amount was not known. 

Past History—The patient has been deaf in the right ear for 12 years, during which time 
recurrent drainage has occurred from the right ear associated with pain in the right side of the 
face. Some years ago he was in prison and was given several antisyphilitic injections. 

Physical Examination—The patient was well developed but undernourished, the tempera- 
ture, pulse rate, and respiration were normal. A chronic otitis media was present. A firm 
movable mass was present in the epigastrium. No tenderness or spasm was noted. 

Laboratory Examinations.—The reaction to the Wassermann test was negative; the urinaly- 
sis and blood studies revealed nothing abnormal. Roentgenographic examination (fluoroscopic 
A 

5. Outten, W. B.: Case of Double Gastrolith Removed by Gastrotomy, Med. Fortnightly 
6:445-452, 1894. 
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studies) after barium meal revealed a movable foreign body in the stomach, which was covered 
with barium. The gastrointestinal series showed a filling defect at five hours. 

Preoperative Diagnosis—A diagnosis of persimmon phytobezoar was made. 

Operation.—On Jan. 9, 1942, operation was performed. After a left upper paramedian inci- 
sion was made, exploration of the abdomen revealed a hard mass in the stomach. The stomach 
was opened in its middle one-third on the anterior wall with a longitudinal incision midway 
between the lesser and the greater curvature. The foreign body was removed. Intragastric 
exploration showed no other pathology. The gastrotomy was closed with two rows of sutures. 
The abdominal incision was closed in layers. The mass was 4 by 5 by 4 cm., mottled brown, 
and friable. 

Pathologic Report—The specimen consisted of a firm, brown, mass which was cylindrical 
and irregular, measuring 4 by 3 cm. On section it was composed of an amorphous yellow 
material. Microscopic examination indicated origin from plant life, probably persimmon. 

Course.—The patient was discharged on Jan. 29, 1942, in good condition after an uneventful 
recovery. 

Case 2.—M. L., a white boy aged 2 years, was admitted to University Hospital on Nov. 28, 
1942, with an upper abdominal mass. 


Present Illness—The patient ingested some persimmons on Thansgiving day. Abdominal 
discomfort occurred during the night. The next day some persimmons passed in the stool. Vom- 
iting occurred on one occasion, and abdominal pain continued. The child’s parents discovered 
the abdominal mass two days later. Since that time his appetite had been poor, and vomiting had 
occurred several times. The second bowel movement contained no persimmon seeds. 

Inspection of the abdomen revealed a prominence in the left upper quadrant and epigastrium. 
On palpation a firm mass approximately 3 in. (7.6 cm.) in diameter and freely movable was 
found. Slight tenderness was present. 


Laboratory Examinations—The Wassermann reaction was negative; urinalysis and blood 
revealed no abnormalities. 

Roentgenographic examination (fluoroscopy) after barium meal revealed a movable foreign 
body in the stomach. The gastrointestinal series showed a filling defect within the lumen of the 
stomach. There was no six-hour gastric residue. 

Preoperative Diagnosis.—The diagnosis was persimmon phytobezoar. 

Operation—On Dec. 1, 1942, operation was done through a left paramedian incision. 
The abdomen was explored and the stomach exposed. An incision was made in the stomach 
midway between the lesser and the greater curvature. The foreign body was removed and the 
stomach explored. No other foreign bodies were present nor was there any evidence of an 
ulcer. Induration was present along the lower one-third of the lesser curvature. The foreign 
body approximated two handfuls of congealed semisolid material made up of skins and seeds of 
vegetable-like material. The stomach incision was closed with two rows of sutures. The 
abdominal incision was closed in layers. 

Pathologic Report—The specimen consisted of 400 cc. of putty-like, gray-brown, irregular 
masses up to about 5 cm. in diameter. Embedded in these masses were a variable number of 
persimmon seeds. 

Course.—The patient was discharged on Dec. 18, 1943, in good condition after an uneventful 
recovery. 


Case 3.—L. F., a single white woman, aged 73 years, was admitted to University Hospital on 
March 8, 1948, complaining of epigastric distress after meals. 


Present Illness—Six weeks previously after ingestion of persimmons epigastric distress 
occurred. Associated with and relieved by vomiting or a bowel movement, the pain was severer 
after eating heavy or highly seasoned foods. On several occasions she had felt a mass in the 
upper abdomen. A weight loss of 10 lb. (4.5 kg.) had occurred. 

Physical Examination.—The patient was undernourished. Her skin contained many kera- 
totic areas. The abdominal examination showed epigastric tenderness, and a mass estimated to 
be 6 by 6 cm. was present. 
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Laboratory Examinations—Reaction to the Wassermann test was negative; urinalysis 
revealed nothing abnormal. The red blood cell count was 3,800,000; hemoglobin content, 11 gm. 
per 100 cc., and white blood cell count and differential distribution, normal. The total protein 
was 7.15 gm.; albumin, 6 gm., and globulin 1.15 gm. per 100 cc. Fractional gastric analysis 
showed the last three specimens to contain 4, 17, and 35 cc. of free hydrochloric acid. The 
hematocrit was 42%. 

Roentgenographic examination following a barium meal showed a movable foreign body, 
approximately 3 cm. in diameter. The gastrointestial series at three hours indicated 20% barium 
residue. 

Preoperative Diagnosis —The diagnosis was persimmon phytobezoar. 

Operation —Operation was performed on March 31, 1948. After a transverse upper abdom- 
inal incision was made, the abdomen was explored. A foreign body was found in the stomach. 
siliary-tract disease was present. The stomach was opened by an incision midway between the 
lesser and greater curvatures, and the foreign body was removed. The stomach was manually 
explored. No gastric ulcer was found. The foreign body consisted of a mottled green-brown, 
irregular mass approximately 4 cm. in diameter. The gall bladder was enlarged and adherent to 
adjacent viscera. The walls were thickened, and the lumen contained innumerable variable-sized 
faceted stones. The cystic and the common duct were dilated, with indurated walls. The com- 
mon duct was opened and explored, and two faceted calculi were removed. A T-tube was 
placed in the duct. The cystic vessels and duct were isolated, individually ligated, and divided. 
The gall bladder was removed. The gastric incision was closed with two layers of sutures. The 
abdomen was closed in layers with the T-tube transversing the angle of the incision. 

Pathologic Report—The specimens consisted of a gall bladder, two faceted calculi, and a 
large irregular mass. The gall bladder measured 12.5 by 5 cm. and weighed 43 gm. The surface 
of the gall bladder was smooth and glistening with slight enlargement of the blood vessels, and 
containing 12 cc. of opaque, yellow-green bile. The lumen revealed 15 faceted, irregular-shaped 
calculi, varying from 1.5 cm. to 4 cm. in size; and the mucosal pattern was ironed out with the 
folds not discernable. The two faceted calculi from the common duct each measured 1.5 cm. in dia- 
meter. The surface was covered by an orange-black material. The irregular dark-grey mass 
measured 3.5 by 1.5 by 2.5 cm. and floated in water. 

Microscopic examination showed chronic cholecystitis and a concretion of amorphous struc- 
ture characteristic of plant origin, probably persimmon. 

Course.—The patient was discharged on April 10, 1948, in good condition after an uneventful 
recovery. 

Case 4.—J. M., a white, single man, unemployed, aged 78 years, was admitted to University 
Hospital, on Sept. 30, 1948, complaining of alternating constipation and diarrhea. 

Present Illness—For five years the patient had had recurrent mild epigastric and right lower 
quadrant pain. During this time the patient stated that for several weeks he would have one to 


three watery stools daily followed by a week or more of constipation, followed by a return of 


diarrhea. For two years the patient has had occasional tarry stools. Eight days prior to admis- 


sion, nausea and vomiting occurred, continuing from one to three times a day. Since the onset 
of nausea and vomiting, the patient on two occasions has felt a small mass in the right side. 

The patient had eaten persimmons many times. 

Past History —Diabetes mellitus, present for six years, has been treated by inadequate diet 
and insulin dosage. Five years previously the patient had a transurethral resection, but noc- 
turia, three to four times, had been present continuously. 

Physicui Examination.—The patient was well developed and well nourished and did not 
appear acutely ill. The temperature was 99 F.; pulse rate and respiration were normal. Bilateral 
lenticular opacities were present. The liver edge was two fingerbreadths below the costal mar- 
gin. The abdomen presented generalized tenderness to deep pressure, which was most marked in 
the epigastrium. No rebound tenderness was present. Bowel sounds were audible but not 
increased. 

Laboratory Examinations—The reaction to the Wassermann test was negative. Urinalysis 
showed a 1 + reaction for albumin, 10 red blood cells per high power field, and a few granular 
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casts. The red blood cell count was 5,500,000, with 15 gm. of hemoglobin per 100 cc., and 
13,800 white blood cells, with 70% neutrophiles. Blood chemistry showed nonprotein nitrogen 
75.9 mg., urea 37.5 mg., and blood sugar 142 mg. per 100 cc. Serum amylase determinations 
on succesive days were 115 mg. and 44 mg. per 100 cc. 

Roentgenographic Examination—Chest x-rays revealed no abnormalities except for slight 
enlargement and calcification of the aorta. A roentgenogram of the kidney, ureter, and bladder 
showed considerable distention of the small intestine by gas but only very small amounts of 
gas in the colon. An upright film of the abdomen failed to reveal air under the diaphragm 
and showed dilatation of the entire small intestine. The barium enema showed no evidence 
of pathology of the colon to the cecum. The cecum was not well visualized owing to the patient’s 
inability to retain the barium. 

Clinical Course —Decompression was done with a Miller-Abbott and Wangensteen suction 
tubes. Fluids were given parenterally. An exploratory laparotomy was performed on the 
fourth hospital day. 

Operation was carried out on Oct. 4, 1948. A low midrectus incision revealed a hard 
mass in the ileum approximately 3 in. (7.6 cm.) from the ileocecal valve. Proximal to the 
mass, the small bowel was markedly distended. The mass was removed by an incision on the 
antimesenteric border. The incision was closed by two rows of sutures in a transverse direction. 
The abdominal wound was closed in layers. 

Pathologic Report—The specimen consisted of an irregular mass 4.5 by 3.5 by 2 cm.,, 
weighing 8 gm. The external surface was dark, mottled, red-blue with white-grey areas. 
There was a red-brown area 2.5 by 2 cm. which was soft and pliable. The gross diagnosis 
was bezoar. 

Postoperative Course —During the first several days septic temperature, increasing abdominal 
distention, and epigastric and left upper quadrant pain were pronounced. On the fifth post- 
operative day he complained of sudden, severe pain in the left upper abdomen and precardial 
area, followed by an irregular pulse and a drop in blood pressure. A portable chest x-ray 
revealed pleural effusion of the left base, with areas of atelectasis. An electrocardiogram was 
interpreted as showing moderately recent or recent anterocentral infarction complicated by 
right bundle-branch block. The patient died on the fifth postoperative day, Oct. 9, 1948. 

Necropsy.—At necropsy, Oct. 10, 1948, significant findings, limited to the peritoneal cavity, 
revealed loops of small bowel adherent to the suture line with a layer of fibrinopurulent exudate. 
Loops of small bowel were adherent by a film of fibrin. In the left lateral gutter there was 
an accumulation of creamy-yellow material surrounded by loops of intestine and greater 
omentum. The peritoneal cavity contained 500 cc. of cloudy, amber fluid with a specific gravity 
of 1.015. There was a transverse suture line of 3 cm. in length 3 cm. proximal to the ileocecal 
junction. The loop of the intestine was doubled on itself forming an acute angle. The lumen 
was patent. On the lesser curvature of the stomach, 7 cm. proximal to the pylorus is a 1 cm. 
diameter opening surrounded by an area of induration with a radius of 1 cm. In the pyloric 
portion of the stomach there was an irregular mass 7.5 by 6 by 5.5 cm. Its surface was mottled 
dark blue with grey and red-brown areas. 

Diagnosis —The significant final anatomic diagnoses were (1) sutured incision of the 
abdomen and distal ileum, (2) persimmon bezoar in stomach, (3) ulcer of lesser curvature 
of the stomach, chronic peptic, with perforation and peritonitis, and (4) diffuse chronic and 
acute hyalinization of Island of Langerhans (diabetes mellitus). 

Case 5.—B. T., a married, white man, a farmer, aged 38, was admitted to University 
Hospital on Jan. 24, 1950, complaining of a mass in the abdomen of two weeks’ duration. 

For three weeks prior to admission the patient had had upper abdominal pain, which was 
relieved by frequent ingestions of milk. For two weeks nausea and alternating constipation 
and diarrhea had been present. 

The patient had eaten persimmons each season for years. Three weeks before admission 
he had eaten large amounts of the fruit. 


Past History.—The patient had a right eye injury caused by a glass fragment, at 6 years of 
age. Right inguinal hernioplasty was done at age 26. A head injury caused by a pitchfork occurred 
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at age 32, followed by convulsive seizures. These seizures are controlled by diphenylhydantoin 
(Dilantin) sodium. 


Physical Examination—The patient was undernourished. The temperature, pulse rate, and 
respiration were normal. An eccentric scar of the right pupil, an edentulous mouth, and right 
inguinal hernia scar were present. 

Located in the left upper abdomen was a hard 8 by 12 cm. movable mass. 

Laboratory Examinations—The Wassermann test was negative; urinalysis and blood count, 
normal. The total protein was 6.55 gm.; albumin, 5.1 gm. and globulin, 1.45 gm. per 100 cc. 
Two stool examinations were positive for blood. 

Roentgenographic Exammations.—Chest x-rays indicated emphysema. The fluoroscopic 
examination after a barium meal showed that the stomach was large and the mucosal pattern 
obliterated by an intraluminal mass. The gastrointestinal series showed a large filling defect 
in the lumen of the stomach, with approximately 40% gastric retention at the end of three hours. 

Preoperative Diagnosis—The diagnosis was persimmon phytobezoar. 

Operation —On Feb. 3, 1950, operation was carried out after transverse incision was made; 
the abdomen was explored. The stomach was delivered after a foreign body was palpated. 
By longitudinal gastrotomy the foreign body was delivered from the stomach. Intragastric 
exploration disclosed a middle third, lesser curvature, penetrating ulcer adherent to the parietal 
peritoneum. The bezoar measured 30 by 12 by 8 cm. and resembled a cast of the stomach. 
The ulcer was excised. Each of the stomach incisions was closed by two rows of sutures, 
and the abdominal wall was closed in layers. 

Pathological Report—The first specimen consisted of a black and brown phytobezoar which 
had the shape of a stomach. It measured 22 by 8 by 8 cm. and weighed 740 gm. The gross 
specimen showed a predominant color of orange, with mottled areas of black and brown. 
Persimmon skins were present. The second specimen consisted of a portion of gastric wall, 


measuring 6 by 3.5 by 1.6 cm. Ulcer craters were present, the largest measuring 1 cm. in 
diameter. Representative sections were taken from both specimens. Microscopic examination 
of the first specimen showed vegetable material, probably of persimmon origin. Microscopic 


examination of the second specimen revealed a benign gastric ulcer. 

Course.—The patient was discharged on Feb. 10, 1950, in good condition after an uneventful 
recovery. 

Case 6.—C. J., a single, white man, unemployed, aged 59, was admitted to University 
Hospital on Jan. 15, 1951, complaining of a large mass in the upper abdomen. 

Present Illness—Three months prior to admission, after the ingestion of persimmons, the 
patient had the onset of severe epigastric pain, followed by nausea and vomiting. The pain 
subsided and has been intermittent, associated with progressive weight loss of 15 Ib. (6.8 kg.). 
Soon after the acute attack he noted a mass in the upper abdomen and left upper quadrant. 
Tarry stools were frequently present. 

Past History.—An appendectomy and a removal of a bladder tumor was done when he 
was aged 28. Since that time some recurrent pain and distention have occurred in the lower 
abdomen. A diagnosis of psychosis was made when he was aged 43, but subsequently, further 
investigation indicated a brain tumor. There was a complete loss of vision in the right eye, 
with a partial loss in the left eye. Surgery was done. The tumor was removed. 

Physical Examination—The patient was well developed, malnourished, with temperature 
of 99.6 F. The pulse rate, respiration, and blood pressure were normal. He had a scar on the 
scalp, an internal strabismus, and loss of vision in the right eye. The vision was poor in the 
left eye. 

Located in the upper abdomen was a 5 by 10 cm. hard mass, which was movable and tender. 

Laboratory Examinations —The urinalysis revealed nothing abnormal. The red blood cell 
count was 1,810,000, with 4.3 gm. of hemoglobin per 100 cc. The white blood cell count and 
differential distribution were normal. The nonprotein nitrogen values was 32.4 gm.; total protein, 
6.15 gm. and albumin-globulin ratio, 4.2 to 1.95 gm. per 100 cc., and prothrombin time, 89%. 

Roentgenographic Examinations —X-rays of the skull showed a large right frontal crani- 
otomy flap with a decompression defect in the region of the squamous portion of the temporal 
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bone, measuring 5 by 4 cm. The chest x-rays and barium enema revealed nothing abnormal. 
Fluoroscopic examination of the stomach after a barium meal showed the meal to be split as 
it entered the stomach by an intraluminal tumor, measuring 12 by 10 by 8 cm. The tumor 
could not be dislodged from its position near the pars media. On the lesser curvature there was 
an ulcer niche, approximately 2 cm. wide and 2.5 cm. deep. The gastrointestinal series after 
three hours showed the tumor mass to be covered with barium and no gastric residue. 

Preoperative Diagnosis—The diagnosis was persimmon phytobezoar. 

Operation.—On Feb. 7, 1951, operation was performed. After a transverse upper abdominal 
incision was made, the abdomen was explored. The stomach contained a mass 10 by 6 cm. 
The stomach was opened and the mass delivered. Intragastric exploration revealed a second 
mass, which on inspection was the result of a fracture of the original bezoar. An ulcer 
approximately 4 cm. in diameter and 3 cm. deep was located on the lesser curvature. Penetration 
had occurred in the right lobe of the liver. The stomach incision was closed with two rows of 
sutures, and the abdomen closed in layers. The broken surface of the mass appeared to be 
composed of coagulated vegetable material. 

Pathologic Report—The specimen consisted of a soft, black, spherical mass measuring 
8 by 8 by 5 cm. Many seeds and skins were scattered throughout the mass. The section of 
the mass showed it to be of salmon-pink color. Microscopic examination showed vegetable 
material, probably of persimmon origin. 


Course.—The patient was discharged on Feb. 21, 1951, after an uneventful recovery. 


SUMMARY 
Diospyrobezoars, produced by the ingestion of persimmons, have a geographic 
distribution, 
Most of our patients had an associated gastric ulcer, and complications were 
frequent. 


Multiple diospyrobezoars may occur. 


A diospyrobezoar warrants careful exploration of the entire gastrointestinal tract. 


DISCUSSION 


Dr. Ropert L. SANpERS, Memphis: In the part of South Carolina that I am from, there 
are many persimmon trees. In my younger days, we used to go persimmon hunting and bring 
them home by the bucketful. And, incidentally, if you have never eaten any persimmons, you 
have really missed something. 

Where there are persimmons, of course, occasionally a bezoar develops in someone. I 
recall an experience of several years ago, while I was visiting my home town of Anderson, 
S. C., I was called to see an 8-year-old girl who was dangerously ill. The x-rays showed 
a deformity similar to those Dr. O’Leary has just shown. A diagnosis of sarcoma had been 
made, and I was asked to do an exploration. 

On opening the stomach, I found a bezoar containing 40 or 50 persimmon seeds, and an 
enormous ulcer on the lesser curvature. Fortunately, the ulcer had not perforated. The child’s 
condition was so acute, however, that I simply removed the bezoar and closed the stomach, 
leaving the ulcer undisturbed. She promptly recovered and has never had any further stomach 
trouble. 

From that experience, I learned to look for evidence of a foreign body within the stomach 
when a patient is brought to me with severe symptoms of this type. If one is found, I 
always ask if the patient has been eating persimmons. We have had a few such cases in our 
general hospitals in Memphis. 

Many of these patients have symptoms so acute as to present a surgical emergency. 
Frequently an associated gastric ulcer is found. Removal of the foreign body is the only 
treatment necessary. The ulcer will then heal spontaneously. 


Dr. Writram Patton Fite, Muskogee, Okla.: From what Dr. O’Leary has said, one 
could assume that persimmons are a staple article of diet in Oklahoma. We have encountered 
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a number of these cases, all of which have been associated with gastric ulcers. The ulcers 
all have healed spontaneously with the removal of the bezoar. My reason for coming before 
you here today is to tell you about an interesting case that occurred in a 72-year-old woman 
about five years ago. 

She came in and her condition was diagnosed as an obstructing carcinoma of the middle third 


of the esophagus. A gastrostomy was done. She was in poor general condition. After operation, 


we observed her over a period of 21 months. She became no worse. We could not explain 
what had happened to her. Certainly the lesion did not progress as would be expected of a 
carcinoma. 

One day she called us long-distance and said she had had a sudden pain under her sternum 
and that something had passed into her stomach. She was told to come in for examination. 
She came in the next day with symptoms of upper small intestinal obstruction. She was 
operated upon and a bezoar removed from the jejunum. 

Subsequent examination showed that she had a diverticulum of the middle third of the 
esophagus. The bezoar had formed there and had been extruded into the esophagus, had passed 
into the stomach and obstructed the jejunum. Since then, November, 1949, she has been 
eating her regular diet. 
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HE THEORETICAL basis for blood volume studies in surgical patients has 


been well established by many investigators.’ More recently, Lyons and his 


co-workers * have been responsible for reemphasizing the physiologic and thera- 
peutic implications gained from these measurements. 

The availability of radioactive iodinated human serum albumin and the addition 
of radiation equipment to our surgical laboratories early in 1951 have permitted 
accurate and repeated studies of the blood and plasma volumes in a large number 
of patients. Subsequent experience has increased our awareness of the frequency 
of blood and plasma deficiencies in surgical patients and the dire consequences 
if unrecognized or untreated. Finally, this day-to-day knowledge of the patient’s 
intravascular fluids and nutritional reserves has resulted in an improved morbidity 
and mortality following extensive gastrointestinal surgery. 

It is our purpose to review the experience in a general surgical service over 
a 22-month period, stressing the findings in 260 patients with surgical diseases 


of the gastrointestinal tract. The frequency of blood, plasma, and_ protein 


deficiencies, the mechanisms or diseases responsible, the clinical and laboratory 
manifestations, and, finally, the management of such deficits will be presented. 

Read at the Sixtieth Annual Meeting of the Western Surgical Association, Houston, Texas, 
Dec. 6, 1952. 

From the Department of Surgery, the Surgical Laberatories, and the Medical Center, Ohio 
State University College of Medicine. 

This study was supported in part by grants from the Comely Coleman Research Fund and 
the Ohio State University Development Fund. 
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EVANS BLUE DYE VERSUS RADIOACTIVE IODINATED HUMAN 
SERUM ALBUMIN PLASMA VOLUMES 

Although the Evans blue dye (T-1824) technique gives satisfactory results 
for single measurements of the plasma volume, serial determinations at short inter- 
vals are often unreliable.* In addition, the patient’s skin is soon stained blue by 
serial injections of the dye, and since this pigmentation can persist for several 
months, it is a source of confusion to the anesthetist, who may interpret the findings 
as cyanosis, and an inconvenience to the physician and the patient alike who find 
themselves continually questioned in regard to the peculiar skin appearance. 
Furthermore, the presence of jaundice, lipemia, or hemolysis interferes with the 
determination. 

In contrast with these findings the use of radioactive iodinated human serum 
albumin as a test substance has proved satisfactory for repeated studies, with 
minimal limitations.‘ The accuracy of repeated tests is unaltered from that of a 
single measurement. Furthermore, the test is applicable in the jaundiced patient, 
and fasting is not required. Finally, by reducing the test dose to 5 yc,° serial 
determinations can be done in the same patient without fear of excessive radiation. 
The calculated total body radiation for a single radioactive iodinated human serum 
albumin determination in a man weighing 70 kg. is only 3.49 mr., and less than 
25 mr. if daily measurements are made for one week. This is much less than the 
300 mr. per week limit suggested by the Committee on Human Application of 
Radio Isotopes of the Atomic Energy Commission. 


RADIOACTIVE IODINATED HUMAN SERUM ALBUMIN BLOOD VOLUMES 


Radioactive iodinated human serum albumin is obtained from Abbott Labo- 
ratories by air express in a sterile multi-injection vial containing 1 to 3 cc. of 
solution, with a total activity of 1 mc. With use of sterile precautions, the original 
solution of radioactive iodinated human serum albumin is diluted to 5 cc. with 
isotonic sodium chloride solution and an aliquot of 0.6 cc. of this diluted material 


is added to 500 ce. of sterile isotonic sodium chloride solution in an infusion-type 


flask, giving a stock solution containing approximately 5 mc. of radioactive iodinated 
human serum albumin per 20 ce. A standard solution is prepared by injecting 20 
cc. of the stock radioactive iodinated human serum albumin solution into a liter 
volumetric flask and diluting with water to 1,000 cc. An individual standard is 
required for each stock solution prepared. The stock solution of radioactive 
iodinated human serum albumin is loaded into 20 cc. syringes, capped with a fine 
needle hub in order to prevent spillage, and stored in a refrigerator for immediate 
use at any time of the day or night. 

At the time of a determination, sufficient heparinized blood is collected from 
the patient to measure the red blood cell count and the hemoglobin, hematocrit, 
and total serum protein levels. If the patient has previously received radioactive 
iodinated human serum albumin, an additional 5 cc. specimen is required to 
ccmmeuaintaenne: 

3. Rawson, R. A.: Binding of T-1824 and Structurally Related Diazo Dyes by Plasma 
Proteins, Am. J. Physiol. 138:708, 1943. 

4. Crispell, K. R.; Porter, B., and Nieset, R. T.: Studies of Plasma Volume Using Human 
Serum Albumin Tagged with Radioactive Iodine!*!, J. Clin. Invest. 29:513, 1950. 

5. Cedars, N.: Unpublished data. 
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measure the residual activity of the plasma. The test dose of 20 cc. of radioactive 
iodinated human serum albumin stock solution is then injected intravenously 
through the same needle. A period of 10 minutes is allowed to elapse for its dis- 
tribution throughout the intravascular space, and, with a heparinized syringe, a 
5 cc. specimen of blood is then collected from the opposite arm. 

The heparinized specimen is centrifuged for 20 minutes, at 4,000 rpm, and 1 cc. 
of the supernatant plasma is transferred with a volumetric pipette to a small metallic 
planchet for counting. The activity of the sample is then determined by placing it 
in a lead line-counting chamber, at a fixed distance from the conventional end- 
window type Geiger-Mueller tube with a thin micax window. The activity of each 
sample is then recorded as counts per second using a Tracerlab Autoscaler. One 
cubic centimeter of the standard solution is counted at the same time as the plasma 
sample and the plasma volume is determined by the following formula: 


Pl 1 net counts per second of the standard x 1000 
asina yolume — - 
taeda net counts per second of the plasma 


STATISTICAL DATA 


During the 22-month period from January, 1951, to October, 1952, a total of 
1,021 radioactive iodinated human serum albumin plasma volume determinations 
were made for 446 patients, and of these repeated determinations were made for 
297. Simultaneous measurements of hematocrit and total serum protein levels per- 


mitted calculation of the blood volume, the red cell mass, and the total circulating 
plasma protein.® Theoretical normals were based on the patients’ admission or usual 
weight, whichever was the greater, together with Gregerson’s’ average values 
(corrected for age, sex, and obesity by Randall’s ® factors °) of 85 cc. per kilogram 
for the total blood volume, 45 cc. per kilogram for the plasma volume, and 40 cc. 
per kilogram for the red cell mass. Normal hematocrit values were considered to be 
42% for women and 47% for men. The range of normal total serum protein was 
considered to be from 6 to 8 gm. per 100 cc. 

Admission blood volume studies were made for 260 patients hospitalized with a 
surgical lesion of the gastrointestinal tract. Included were 109 cases of malignant 
disease. Of the total patients with gastrointestinal disease, 174, or 66.9%, were 
shown to have a deficit of their plasma volume equal to 10% or more of the calcu- 
lated normal value. In 214, or 80.2%, a similar deficiency of the red cell mass 
was demonstrated. The total circulating plasma protein was decreased by 10% or 
more in 148 of the 260 cases, an over-all incidence of 56.9%. 

The validity of the standard laboratory tests was carefully reviewed and found 
to be extremely inaccurate in giving a true over-all picture of the patient’s reserves. 
Measured deficits of the red cell mass were demonstrated by the hemoglobin con- 


plasma volume x 100 


6. Blood volume = ———— ; red cell mass = blood volume — plasma volume; 
100 — hematocrit 


. . P jlasma volume x total plasma protein 
total circulating plasma protein = ! i pee 


00 
7. Gregerson, M. I.: Practical Method for OE of Blood Volume with Dye T- 
1824: Survey of Present Basis of Dye-Method and Its Clinical Applications, J. Lab. & Clin. 
Med. 29:1266, 1944. 
8. Randall, A.: Personal communication to the authors. 
9. Randall’s factors: (1) age: males, 50 =— 10%, males, 65 =—15%; (2) sex: female 
= — 5%; (3) obesity — ideal weight for height and age plus one-third of excess weight. 
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centration in 54.7%, the hematocrit level in 37.4%, and the red blood cell count in 
only 34.2%. Similarly, deficits of the total circulating plasma protein were suggested 
by the total plasma protein in only 47.4% of 148 cases. 

Gastric Carcinoma.—The largest blood volume deficits were found in those 
patients with gastric carcinoma and averaged 31.5% (Chart 1). The over-all weight 
loss approximated 33 Ib. (15 kg.) per patient, and in most instances each pound lost 
represented a 1% deficit in the blood volume. The deficit of the red cell mass was 
considerably greater than that of the plasma volume and averaged 60% of the 
calculated normal values. These findings represent an average preoperative whole 
blood requirement of nearly 3,000 cc. for each patient. Despite this alarming 
deficiency the average red blood cell count was 4,020,000, the hemoglobin 12 gm. 
per 100 cc., and the hematocrit 39.4%. In most instances these findings proved 
totally unreliable as an index of the need for preoperative transfusion. 

A deficiency of the total circulating plasma protein was demonstrated in 15 
of the 20 patients (Chart 2), and although not comparable with the reduction in 
circulating hemoglobin, the deficit was greater than 25% of the expected normal in 


HE=12.0 RBC = 402 HMT. =394% 
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Fig. 1—Blood volume deficits found in 20 patients with gastric carcinoma averaged 31.5%. 
Deficit of the red cell mass averaged 60% of the calculated normal values and represents an 
average preoperative whole blood requirement of nearly 3,000 cc. for each patient. 


one-half of the patients. Although the average total plasma protein was found to be 
5.7 gm. per 100 cc., the actual tissue protein '° deficiency approximated 2,890 gm. 
per patient and demonstrates that a dietary intake high in protein and calories is an 
important part of the preoperative preparation of a patient with gastric carcinoma. 
This is particularly true in view of the increased use of total gastrectomy for gastric 
cancer regardless of its location. 

Carcinoma of the Pancreas.—The initial measurements in patients with carcin- 
oma of the pancreas showed volume and protein deficits greater than 20% of the 
expected normal values in three out of every four patients. In contrast, the routine 
laboratory tests suggested these deficiencies in only one out of every four patients. 
The weight loss was considerable in each instance and averaged 34 Ib. (15.4 kg.) 
per patient. Once again, the red cell mass accounted for a considerable portion of 
the reduced blood volume and represented an average whole blood requirement of 
1,540 cc. These findings were consistently present, in spite of the failure to obtain 


10. Tissue protein = total circulative plasma protein X 30. 
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a history of gastrointestinal bleeding, and give further evidence of fundamental 
disturbance in hemoglobin metabolism in malignant disease of the gastrointestinal 
tract.” 

Carcinoma of the Large Bowel—The pattern of the averaged deficits in 58 
patients with carcinoma of the colon and rectum conformed with previously dis- 
cussed malignant disease of the gastrointestinal tract (Chart 3). Deficiences of the 
red cell mass averaged 23.8% of the expected normal and represented a whole blood 
requirement of some 1,300 cc. for each patient. Patients admitted with obstruction 
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Fig. 2—Of 20 patients with gastric carcinoma, 15 demonstrated a deficiency of the total 
circulating plasma protein, which was greater than 25% in one-half the patients. Although total 
plasma protein averaged 5.7 gm., actual tissue protein deficiency approximated 2,890 gm. per 
patient. 
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Fig. 3.—Average deficits in 58 patients with carcinoma of the colon conform with those of 
other malignant diseases of the gastrointestinal tract. Deficiencies of the red cell mass averaged 
23.8% of the expected normal and represented a whole blood requirement of some 1,300 cc 
for each patient. 


of the left colon showed equal deficits of hemoglobin and plasma and approximated 
18% of the theoretical values. Three patients were admitted with massive bleeding 
from lesions of the left colon and presented a red cell deficit similar to that in 
carcinoma of the right colon and showed a loss of over 40% of their circulating 
red cells. The five patients with malignant polyps of the sigmoid presented a normal 
plasma volume and a red cell deficit equal to one-fifth of the expected normal, a 
finding which suggests low-grade and continued blood loss over a long period of 
time. 

Intestinal Obstruction Blood volume measurements in 27 patients hospitalized 
with intestinal obstruction demonstrated an average admission deficit of 1,200 cc. 
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(Chart 4). There was a comparable reduction in the red cell mass and plasma 
volume in the nine patients with large bowel obstruction. Plasma loss exceeded red 
cell loss in the 15 patients with small bowel obstruction and varied directly with the 
duration of the obstruction: one to two days, 27% deficit ; three to four days, 37% 
deficit, and over four days, a 40% deficit. The average whole blood requirement in 
the entire series exceeded 1,000 cc. per patient regardless of the site or cause of the 
obstruction. The importance of this observation and the value of preoperative 
transfusions is borne out by a comparison of our operative mortality in small bowel 
obstruction, exclusive of strangulated hernia, during two periods of three years 
each. From January, 1946, through December, 1949, surgical intervention was 
required in 51 patients with small bowel obstruction. Of these, only one out of 
five received whole blood before surgery, and the operative mortality was 19%. 
In direct contrast with these findings, an average of 960 cc. of whole blood was 
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Fig. 4—Blood volume measurements in 27 patients hospitalized with intestinal obstruction 
demonstrated an average admission deficit of 1,200 cc. 
given to three out of every four patients operated on during the period from Janu- 
ary, 1949, through December, 1951. The operative mortality among 53 patients 
was 3.7%. 


SERIAL BLOOD VOLUME MEASUREMENTS 
Serial studies were made in 100 patients with surgical disease of the gastro- 
intestinal tract. Included were 45 patients with malignant disease; the remainder 
were hospitalized for benign lesions of the gastrointestinal tract. The number of 
tests varied from 3 to 15, averaged 4.5 for each patient, and included observations 
both before and after surgery. There were 25 patients with massive or prolonged 
gastrointestinal bleeding, 19 patients with obstructive jaundice, and 12 patients with 
intestinal obstruction. Of the remaining 44 patients, 23 had malignant disease and 
21 benign lesions. The miscellaneous group included patients with peptic ulcer, 
uncomplicated gall-bladder disease, pancreatitis, and inflammatory lesions of the 
colon. 
Plasma Shifts Following Operation—A significant reduction in plasma volume 
on the first day following operation was noted in over one-half of the cases studied." 





11. Lyon, R. P.; Stanton, J. R.; Freis, E. D., and Smithwick, R. H.: Blood and “Available 
Fluid” (Thiocyanate) Volume Studies in Surgical Patients, Surg., Gynec. & Obst. 89:9, 1949. 
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The deficit was seen despite accurate replacement of blood lost at the time of opera- 
tion and occurred in the patients with normal reserves as well as in the protein- 
depleted subjects. In turn, the plasma volume returned to preoperative levels by 
the second or third postoperative day without the need for transfusion of plasma 
or whole blood. The exact nature of the phenomena remains to be clarified, although 
preliminary observations suggest a temporary shift of fluid from the plasma to the 
interstitial spaces. Furthermore, the time of onset and duration parallel those of the 
“alarm reaction.” From the practical viewpoint, patients operated upon with de- 
pleted blood volumes may well manifest clinical shock during this period of addi- 
tional depletion. Likewise, we should avoid excessive administration of intravenous 
fluids during the recovery period for fear of overloading the patient’s vascular 
system. 

Gastrointestinal Bleeding—As shown by previous investigators,'* repeated 
determinations of the plasma volume and red cell mass were of greatest value in 
those patients with active bleeding on admission. The initial studies served to 
indicate accurately the severity of the hemorrhage and the immediate whole blood 
requirement and approximated 2,000 cc. The compensatory changes in plasma 
volume proved unpredictable and resulted in a failure of correlation between the 
routine red blood cell count, hemoglobin content, and hematocrit level in over one- 
half of the cases. Furthermore, the tisual “rule of thumb” based on routine tests 
held little or no correlation to the actual blood requirement, which could only be 
determined by blood volume measurements and calculation of the deficit in terms 
of red cell mass. 


Serial tests were also of value in determining the presence of continued or 
recurrent bleeding. This proved particularly helpful in our management of the bleed- 
ing ulcer patient, since our decision for emergency surgery versus continued con- 
servative therapy depends primarily on this single point. Furthermore, once the 
decision was made, the red cell mass could be accurately restored to near-normal 
levels by forced transfusion immediately prior to operation. Finally, the routine 
studies frequently failed to reveal any residual deficit in the red cell mass following 
operation, and an additional measurement of the blood volume proved necessary to 
assure complete restoration. 


A review of 76 ulcer patients with massive hemorrhage demonstrated that an 
average of 5.5 pt. (2.2 liters) of whole blood was required for the 39 patients in 


whom bleeding was controlled without operation. Resection was necessary in 37 of 
the 76 patients, and in these, the whole blood requirements from the time of admis- 
sion until discharge from the hospital averaged 14.5 pt. (7.2 liters) per patient. 


These extensive requirements indicate the need for quantitative measurements of the 
red cell mass in order to assure adequate replacement of the blood lost and yet 
prevent the possibility of overloading an impaired vascular system with excessive 
transfusions. 
an 

12. Rudman, I., and Stewart, J. D.: Quantitative Aspects of Hemorrhage, Surgery 28:170, 
1950. Storaasli, J. P.; Krieger, H.; Friedell, H. L., and Holden, W. D.: Use of Radioactive 
Iodinated Plasma Protein in the Study of Blood Volume, Surg., Gynec. & Obst. 91:458, 1950. 
Kruger, S.; Baker, L., and Mosiman, W. D.: Repeated Blood Volume Determinations in 
Bleeding Peptic Ulcers, Gastroenterology 21:516, 1952. 
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Controlled Protein Replacement.—Serial determinations of the plasma volume, 
red cell mass, the total circulating plasma protein and in turn the tissue protein 
have proved of value in measuring the response of the markedly emaciated, mal- 
nourished, and anemic patients to a planned program of preoperative preparation. 
Kach of the patients presented a problem of jaundice and severe weight loss. The 
major factor in the reduced blood volume seen in these patients was a deficiency 
of total circulating red cell mass, and the initial correction of this anemia seemed 
to be of importance in assuring a satisfactory response to the subsequent feeding 
program. 

Since there were 30 gm. of tissue proteins for every gram of circulating protein, 
the total protein deficit was calculated on admission and at intervals thereafter. 
With the blood volume replaced, we proceeded with the operation when the 
measured protein deficit had been corrected. Under this plan of management these 
poor-risk patients were operated upon with minimal risk and without the hazards 
of “chronic shock.” The primary diagnosis was chronic recurrent pancreatitis in 
two instances, common duct stricture and overlooked common duct stone in the 
remaining. One patient manifested such a marked deficit of circulating protein and 
an associated nutritional edema that parenteral administration of human serum 
albumin was thought advisable. Since the patient’s cardiac status was questionable, 
frequently repeated blood volume determinations were necessary to avoid over- 
loading the vascular system as a result of rapid shifts of water into the plasma. 


SUMMARY AND CONCLUSIONS 


The value of serial blood volume determinations in patients undergoing major 
gastrointestinal surgery has been demonstrated. 

The use of radioactive iodinated human serum albumin has proved satisfactory 
for such repeated studies, with minimal limitations. 

Acute and chronic blood and plasma losses, often unsuspected, may be accurately 
determined. 

Calculated protein deficits can be used as a guide to planned nutritional replace- 
ment. 

DISCUSSION 

Dr. WALTER G. Mappock, Chicago: I should like to know what effect intravenous fluids, 
particularly the electrolytes, have on blood volume studies as done by Dr. Zollinger and _ his 
group. 

And secondly, there is no doubt about the fact that transfusions are lifesaving procedures in 
many instances and strong supporters of many patients with malnutrition and sepsis, but we all 
know that when blood is given in large amounts an occasional serious reaction results in the 
death of a patient. Blood transfusion is a procedure to use with some degree of caution. 

I wish to compliment Dr. Zollinger for the superb slides used in this presentation. They are 
not complicated. Each shows one or two facts obtained from the work done, and color makes 
them most attractive. 

Dr. NATHAN CeEpars, Stephenville, Texas: In answering Dr. Maddock’s question it should 
be remembered that electrolyte solutions, such as isotonic sodium chloride solution, are valuable 
in correcting diminished blood volume. The benefits of such preparations, however, are short 
lasting and approximate only three to six hours in our experience. 


It is important to realize that patients with a reduced blood volume because of chronic 
illness, having gradually compensated for this reduction by a contraction of their vascular system, 
manifest little or no clinical signs. On the other hand, these same patients frequently demon- 
strate an unexplained fall in blood pressure and a fast pulse during or immediately following 
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induction of an anesthetic. It would seem that the generalized vasodilatation resulting from the 


anesthetic agent results in an inadequate blood volume for the vascular space. Finally, it has 
been our experience that there is no substitute for whole blood in these poor risk patients with 
chronic wasting disease, and that crystalloids are of little or no value. 

Dr. Jacop K. BERMAN, Indianapolis: I should like to ask one question of Dr. Zollinger: 
Have you any idea how long the transfused erythrocytes function, and how long the transfused 
serum proteins remain? 

We have been taught to believe that the red blood cell lives from 30 to 40 days, and this idea 
is carried in all textbooks as being scientifically accurate. The original work was based on the 
concept that if we give a transfusion to type AB patients with type A blood, and then recover 
some of the patient’s cells at daily intervals and type these cells with the serum of type B, we 
could determine how long the transfused cells remain in a more or less viable state. Of course, 
it is now known that such criteria may be completely fallacious. 

Since the mature erythrocyte has lost its nucleus and does not consume much oxygen, it can 
scarcely be considered a living cell in the ordinary sense of the term. If this is true, then trans- 
fused cells live and function for only an extremely short time and rather poorly at that. Should 
we then look upon a blood transfusion as a temporary scaffolding as is the case when other 
isogenous tissues are grafted? 

Dr. Rosert M. ZoLuincer, Columbus, Ohio: I do not know whether I can answer Dr. 
Berman’s question or not, but I think it depends on the age of the blood. On the average, we 
anticipate that the red blood cell may live for about 40 days. On the other hand, the amount of 
plasma given depends on how depleted the patient may be. 





SYMPTOMATIC BLIND POUCH FOLLOWING LATERAL 
ANASTOMOSIS OF INTESTINE 
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ARIOUS observations relative to the occurrence of macrocytic anemia, 

intestinal obstruction, borborygmus, diarrhea, bowel ulceration and malnutri- 
tion were recorded coincident with the early growth of gastrointestinal surgery, 
hut the pathogenesis of these ills were speculative at best. As early as 1897, 
Faber! associated a macrocytic anemia with stricture, and in 1906, Cannon and 
Murphy * reported roentgenologic evidence that in cats the proximal segment of a 
lateral anastomosis failed to empty well if the blind ends extended beyond the 
anastomotic opening. In 1924 Seyderhelm,’ in Germany, described “pernicious 
anemia” in dogs consequent to the production of strictures of the small intestine 
just above the cecum using strips of aponeurosis. Tonnis and Brusis * also produced 
a macrocytic, hyperchromic anemia in dogs but by another method, namely, the pro- 
duction of a 50 cm. cul-de-sac in the small intestine. Surgical excision of the cul- 
de-sac resulted in restoration of the hemogram to normal. Although the unfolding 
of the story of pernicious anemia focused attention on the gastric mucosa, numer- 
ous studies failed to explain the occurrence of macrocytic anemia alone or as part 
of a sprue-like syndrome following gastrointestinal surgery on the basis of ablation 
of the gastric mucosa. 


The concept of the blind pouch was more firmly established as the etiological 


agent of such complications of gastrointestinal surgery when Estes and Holm,° 
 — — _—__ LL 

+Dr. Williamson died June 2, 1952. 

Read at the Sixtieth Annual Meeting of the Western Surgical Association, Houston, Texas, 
Dec. 6, 1952. 

1. Faber, K.: Pernicidse Anamie bei Diinndarmstricturen, Berl. Klin. Wehnschr. 34:643, 
1897. 


2. Cannon, W. B., and Murphy, F. T.: Movements of Stomach and Intestines in Some 
Surgical Conditions, Ann. Surg. 48:512-536, 1907. 

3. Seyderhelm, R.; Lehmann, W., and Wickels, P.: Experimentelle intestinale pernizidse 
Anamie bei Hund, Klin. Wehnschr. 3:1439, 1924. 

4. Tonnis, W., and Brusis, A.: Veranderungen des morphologischen Blutbildes bei akuter 
und chronischer Darminhaltsstauung, Deutsche Ztschr. Chir. 233:133-148, 1931. 

5. Estes, W. L., and Holm, C. E.: Fate of Obstructed Loop in Intestinal Obstruction Fol- 
lowing Anastomosis Around Obstruction Without Resection, Ann. Surg. 96:924-929, 1932. 
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in 1932, and Pearce,® in 1937 reported their experiments in which blind loops 
and pouches were produced in dogs. These studies crystallized the following several 
points: 1. A blind pouch with an antiperistaltic relationship to the fecal stream 
fails to empty. 2. If the pouch or loop is of sufficient length, it produces “chronic 
intoxication” leading to emaciation and death. 3. Ulceration with perforation may 
occur in the blind loop. 4. Surgical excision of the blind loop results in cure. Since 
these studies were made, sufficient clinical reports by competent observers have 


attested to the validity of the concept that a blind pouch can produce symptoms.’ 


In addition, the reports describe the roentgenographic findings relative to intestinal 
blind loops.* 

Most authors writing on this subject refer to the previously enumerated patho- 
logical findings associated with the blind pouch. We should like to call attention 
to another pathological finding which we believe was responsible for the repeated 
episodes of obstruction in Case 1, namely, atony and edema of the ileum proximal 
to the anastomosis with resultant kinking producing obstruction. Despite the above 
experimental and clinical evidence of the potential hazard of a blind pouch, it 
has been the observation of one of us (C. S. W.) that in stressing the advantages 
of utilizing an end-to-end anastomosis, there has been a failure to continue to 
emphasize the technical features which have established lateral anastomosis as a 
sound procedure in years past and make it still the procedure of choice in certain 
situations. It is with these thoughts in mind that the following two case reports 
are presented. 

REPORT OF CASES 

Case 1.—A 62-year-old white man was first seen in November, 1950, for intestinal obstruc- 
tion. The past history revealed that he had had an appendectomy for chronic appendicitis in 
1911. In 1912 his extreme constipation of four years’ duration had become so troublesome that 
a doctor in Birmingham, Ala., did a laparotomy and removed the right colon because he had 
“too much intestine.” Immediately after the right colectomy the patient began having bor- 
borygmus with associated nausea, cramps, and diarrhea. He stated that there would be several 
days of diarrhea with six to eight liquid stools daily and then he would pass what seemed to be 
an old well-formed stool. It was not long before he began having episodes of nausea, vomiting, 
and abdominal distention which would last from several hours to several days. These attacks had 
increased in frequency and severity since their onset. Several years after the bowel resection he 
began having episodes of melena which lasted two to three years, ceased spontaneously, and have 
not recurred. 

Since the operation in 1912, his diet had consisted almost entirely of eggs, oatmeal, Cream 
O’ Wheat cereal, toast, milk, and occasionally orange juice. For the past five years he had eaten 
nothing besides cooked cereal, toast, and milk. For the past one to two years he had been able 
to tolerate his cereal only when it was cooked in a pressure cooker. 

—<cscsilaatiiaiann 

6. Pearce, H. E.: Experimental Chronic Intestinal Obstruction from Blind Loops, Surg., 
Gynec. & Obst. 59:726-734, 1937. Senturia, H. R., and Heifetz, C. J.: The Roentgen Appearance 
of Intestinal Pouches Following Lateral Anastomoses, Am. J. Roentgenol. (No. 2) 67:227-239, 
1952. 

7. Black, B. M., and McEachern, C. G.: Redundant Blind Segments of Intestine Following 
Side-to-Side Anastomosis with Division of Bowel, Surg., Gynec. & Obst. 86:177-182, 1948. 
Pickhardt, O. C.: Blind Pouch Growth Occurring 9 Years After Partial Colectomy with Lateral 
Anastomosis, Ann. Surg. 97:116-118, 1933. Rankin, F. W.; Bargen, J. A., and Buie, L. A.: 
The Colon, Rectum and Anus, Philadelphia, W. B. Saunders Company, 1932, pp. 742-743. 

8. Ginzburg, L.; Colp, R., and Sussman, M.: Ileocolostomy with Exclusion, Ann. Surg. 
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Since 1912 innumerable roentgenographic studies of his intestinal tract had been made, and 
for one two-year period these studies were done every two months. He was usually told that 
his intestinal tract was in a disturbed condition but that there was no surgical procedure that 
could improve it. Some of his examiners even stressed the fact that whatever he did, he should 
never allow anyone to operate upon him again. 

The patient was first seen after hospitalization for abdominal pain. This present attack was 
of 24 hours’ duration, and he was complaining of nausea, vomiting, abdominal cramps, and 
distention. Examination revealed a tall, slender, emaciated, white man with moderate abdominal 
distention. The abdominal parietes were so thin that the hugely dilated loops of bowel could 
be easily palpated during the examination. Loud borborygmi were audible without the aid of a 
stethoscope. A flat film of the abdomen revealed many dilated loops of small intestine. The 
patient assured us that he had been in this condition many times before and that if we would just 
be patient, he would be over the attack by morning. 

The complete blood count showed 4,400,000 red cells, 12.6 gm. of hemoglobin per 100 cc., 
and 8,200 white cells, with a differential distribution of 74% polymorphonuclear leucocytes, 
22% lymphocytes, 2% monocytes, and 2% eosinophiles. The urinalysis showed a specific gravity 
of 1.012, an alkaline reaction, and a negative reaction for albumin and sugar. One white blood 
cell was seen microscopically. 

In the absence of fever, leucocytosis, point tenderness, or other evidence of compromised 
bowel, gastric suction was instituted. By the following morning the patient was passing gas, and 
his discomfort had subsided. A few weeks later the patient reluctantly submitted to barium 
studies of the colon which were repeated because of the radiologist’s confusion as to what he 
found. After the second procedure the radiologist repeated his previous statement: “I think you 
are going to find out what is wrong with this man when you operate on him.” 

We told the patient we suspected an intestinal fistula and/or an adhesive band was causing his 
difficulties and that we believed his condition would be greatly benefited by surgery. By then 
we had gained his confidence, and he did not object to the idea of exploratory laparotomy. 
At surgery we found the ascending and transverse colon absent and the splenic flexure closed 
blindly. The descending colon and proximal sigmoid colon were filled with formed fecal material. 
The terminal ileum was found to have been anastomosed to the apex of the sigmoid loop, and 
an anastomotic stoma approximately 12 cm. long was present. Distal to the anastomotic stoma 
was a dilated blind ovoid pouch of the ileum approximately 12 cm. in diameter. The terminal ileum 
proximal to the anastomosis for a distance of 50 cm. was greatly dilated, thickened, and 
edematous. The sigmoid colon and rectum distal to the anastomosis was small and contracted. 

A desirable method of attacking these difficulties would have been to resect the old anasto- 
mosis, doing an end-to-end anastomosis of the sigmoid and then doing an anastomosis between the 
terminal ileum and the descending colon. However, because the patient’s nutritional state was 
so poor, we decided that perhaps the most prudent procedure would be to resect the blind pouch 
of the ileum, then, if his condition permitted, resect the colon proximal to the anastomosis. 
This was done with particular precaution to resect the distal ileum at such an angle that no 
semblance of a distal pouch would remain. Because of the extreme edema and atony of the 
ileum proximal to the anastomosis, we anticipated it would be several weeks before it would 
return to normal, and during this time he might have other episodes of obstruction. We advised 
the patient concerning this possibility. His convalescence was uneventful until three weeks 
postoperatively when he had symptoms of mild intestinal obstruction which lasted approximately 
12 hours and subsided, never to return. The patient now eats a reasonably regular diet and has 
gained 25 Ib. (11 kg.). He now weighs 150 Ib. (68 kg.), which is 10 Ib. (4.5 kg.) more than he 
weighed at the time of his colectomy in 1912. His stools are semiformed and vary from two to 
five in number each day, but he is completely free of the distressing abdominal cramps. 


Case 2.—A 54-year-old woman was first seen in March, 1952, complaining of abdominal 
distress of one year’s duration. She complained of a rather constant epigastric pain not related 


to food or meals, which we were inclined to attribute to a large postoperative ventral hernia 


In addition, she described epigastric fullness which occurred shortly after beginning each meal, 
causing her to cease eating even though she did not feel she had satisfied her hunger. 
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The past history revealed that she had an appendectomy in 1949. In March, 1951, she had 
an emergency operation for nausea, vomiting, and abdominal pain and was told that a 2-ft. 
(0.9 cm.) segment of small intestine was removed because it was gangrenous. 

Physical examination revealed a fairly well-nourished woman with a large defect in an 
old upper right rectus surgical scar. The liver was easily palpable 4 cm. below the costal margin 
in the midaxillary line, but roentgenographic studies revealed generalized abdominal ptosis. 

The complete blood count showed 3,400,000 red cells, 11 gm. of hemoglobin per 100 cc., and 
5,600 white cells, with a differential distribution of 69% segmented cells, 4% stab forms, 24% 
lymphocytes, 2% monocytes, and 1% eosinophiles. The urinalysis showed a specific gravity of 
1.011, an acid reaction, and a negative reaction for albumin and sugar. Microscopically two to five 
white blood cells and an occasional red blood cell were seen. The report of the gastric analysis 
was as follows: fasting specimen, 0° free hydrochloric acid and 52° total acidity; following the 
alcohol meal, 15° free hydrochloric acid and 60° total acidity. 

Roentgenographic examination of the gall bladder revealed no abnormalities. In a report 
on the gastrointestinal roentgenogram it was stated that the duodenal loop was slightly dilated, 
particularly in the second portion, with pooling of the barium in this area, and that there was 
rapid upper small intestinal motility. 

At operation on March 27, 1952, the abdomen was opened through the ventral defect and 
abdominal exploration carried out. A lateral anastomosis was found 20 cm. distal to the ligament 
of Trietz. The jejunum proximal to the anastomosis was edematous and dilated. A portion of 
this limb extended beyond the stoma in the shape of a pouch 6 cm. in diameter, which was also 
edematous. The lateral anastomosis was resected and continuity reestablished by an end-to-end 
anastomosis. 

The epigastric fullness noted by the patient after beginning to eat has been absent since 
operation. 

COMMENT 

In both these cases the primary difficulty was mechanical dysfunction, which 
became manifest soon after an anastomosis was effected. In regard to pathogenesis 
we conclude that the repeated episodes of obstruction exhibited in Case 1 resulted 
from kinking of the gas-filled segment of atonic edematous small bowel proximal 
to the anastomosis, the atony and edema being secondary to reverse peristalsis of 
the blind pouch with overflow of stagnant intestinal contents from this “cesspool.” 
This irritative material seems a logical explanation for the diarrhea, the occasional 
formed stools more likely having resulted from emptying of the left colon. In 
the second case the symptoms of epigastric fullness shortly after ingestion of food 
were interpreted as being due to the position of the pouch just distal to the ligament 
of Trietz. 

In neither of these did the patient exhibit a macrocytic anemia. Why anemia 
develops in some cases and not in others is not altogether clear. Cameron, Watson, 
and Witts have reviewed this aspect of the problem.’ In that the gastric secretion 
of free hydrochloric acid and intrinsic factor may be normal, they attribute the 
anemia to absorption of toxic substances. 

Although the production of pathologic blind pouches is not too common, atten- 


tion to detail in performing lateral anastomoses should further minimize this 


hazard. We believe that the two essential points to be borne in mind are (1) con- 
struction of the stoma as near as possible to the distal end of the proximal seg- 
ment, and (2) attaching the inverted end of the proxima' limb to the side of the 
distal limb. 


9. Cameron, D. G.; Watson, G. M., and Witts, L. J.: Clinical Association of Macrocytic 
Anemia with Intestinal Stricture and Anastomosis, Blood 4:793-802, 1949; Experimental Pro- 
duction of Macrocytic Anemia by Operations on Intestinal Tract, ibid., 4:803-815, 1949, 
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SUMMARY 


The concept of the intestinal blind pouch is briefly reviewed. 


Two cases with successful outcome are presented. 


Conclusions as to the pathogenesis of disturbed bowel function and its attendant 
symptoms are discussed. 


Atony and edema of the bowel proximal to the anastomosis as a cause of 
intestinal obstruction is discussed. 


Two technical safeguards to prevent the occurrence of a blind pouch are 
emphasized. 


DISCUSSION 


Dr. Lester D. Powett, Des Moines, Iowa: It is a distinct pleasure to be priviledged to 
discuss the paper just read by Dr. Wilkinson. The paper, as you know, was prepared by Dr. 
Wilkinson and a late member of this society, Dr. C. S. Williamson. 

It is no surprise to me that Dr. Williamson and his associates would choose this subject, 
“Symptomatic Blind Pouch Following Lateral Anastomosis of Intestine,” to discuss because it 
is a timely one. Since the advent of abdominal surgery, all of us at one time or another have 
met with complications which we did not suspect, or at times complications have occurred 
postoperatively which made it necessary to reopen the abdomen. Occasionally, a resection would 
be necessary as a result of such complications. Again, the original operation may have required 
a segment of bowel to be removed. 

Many surgical procedures require removal of a portion of intestine, and it naturally follows 
that bowel continuity be restored, if possible. Many ways of joining the intestine have been 
used, for instance, the Murphy button, the bone bobbin, etc. Joining the intestine by means of 
sutures is preferred by some. 

Other surgeons prefer to bring the intestine side-to-side and make a lateral anastomosis. 
The end-to-side anastomosis was favored by others. Perhaps these methods were used earlier 
by surgeons because of the difficulties in intestine diameters commonly seen in obstruction cases. 
Later the end-to-end anastomosis became more popular, and with its more general use post- 
operative complications were less frequent—but why? 

The essayists have given the answer. Lateral anastomosis with blind pouches on either 
side of the anastomosis leaves an area where the intestinal content stagnates, and this in turn 
causes inflammatory reaction followed by edema which inhibits the peristaltic action of the 
intestine very markedly. This is followed by toxic manifestations and edema, hence, no emptying 
or delayed emptying. Pain, fever, nausea, vomiting, and perforation with peritonitis are pos- 
sibilities, or the inflamed mass may produce obstruction requiring surgery for relief. 

Following surgery with removal of that segment and a new anastomosis, or in some cases 
removal of the involved blind pouch, actually removes the obstruction. It appears to me rather 
evident that since the blind pouch produces no benefit to any anastomosis and often produces 
signs and symptoms of obstruction or other results, the blind pouch should be avoided in all 
anastomoses. Further, obstruction occurs only in lateral anastomosis or end-to-side anastomosis 
with blind pouches, and I believe that these procedures should in most cases be discarded in 
favor of the end-to-end method. 

The authors have cited results of research and have reviewed the literature and demonstrated 
the occurrence of complications in lateral anastomosis with blind pouches. Lastly, they reviewed 
two such cases in which they performed operations and achieved cures by removing offending 
blind pouches. 

I am certain this Society is grateful to Dr. Wilkinson for presenting this paper, which was 
in part prepared by Dr. Williamson but remained to be completed by the essayist because of 
the untimely death of our friend and member, Dr. C. S. Williamson. 

Dr. Harotp LAurMaNn, Chicago: It is particularly interesting that sometimes it takes a 
surgical mistake to bear out a laboratory finding of some significance. 
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In a recent piece of work in which we compared the effects of rapid versus slow strangulation 
(Laufman, H.; Furr, W. E., and Roach, H. D.: Slow Versus Rapid Intestinal Strangulation 
Obstruction, 4. M. A. Arch. Surg. 63:511-519, 1951) we were particularly impressed with the 
rather rapid dilatation of lymphatics long before viability was impaired; in the walls of these 
dilated lymphatics, which we traced from the mucosa through the serosa, there was an abund- 
ance of bacteria in the lining cells. We also found in these animals a rather high antilecithinase 
titer. It is interesting in the clinical cases reported by Dr. Williamson and his associates, in 
which there was to all intents and purposes obstruction with at least a potential strangulation 
(one might say it is parallel to an incarceration), there were hypertrophy and hyperplasia of the 
muscle wall with edema and dilatation of the lymphatics, and the so-called toxicity, which is 
supposedly ascribed to the absorption of toxic enzymes which are released from bacteria that 
find their way into the dilated lymphatics from the lumen and eventually into the blood stream. 

Dr. L. H. Wirkinson, Albuquerque, N. Mex.: I should like to thank the discussers and 
also take this opportunity to say a word about Dr. Williamson. 

I am sure most of you know that the Western Surgical Association was the very center of 
Dr. Williamson's interest. I feel that any attempt at a character portrayal by words, on my 
part, would be inadequate. Suffice it to say that to us in Albuquerque, Dr. Williamson typified 
the ideals and standards of this great Association. 





IDEAS OF SURGICAL MANAGEMENT OF REGIONAL ENTERITIS 


STANLEY R. MAXEINER, M.D. 
MINNEAPOLIS 


HE PURPOSE of this paper is to present a discussion of the indications for 

and the results of the several types of surgical management of regional enteritis. 
An attempt will be made to evaluate the following procedures: (1) conservatism ; 
(2) vagotomy; (3) ileocolostomy; (4) ileotransverse colostomy with exclusion, 
and (5) resection. 

1. Conservatism is reserved for those patients on whom a laparotomy is per- 
formed under a mistaken diagnosis of appendicitis or for those in whom the disease 
is found to be too far advanced for surgical treatment. Usually the ileum is found 
in a stage of acute inflammation with red edematous bowel and acutely enlarged 
mesenteric nodes. Surgical treatment of the enteritis at this time is more hazardous, 
and it is generally agreed that the operation should be terminated with or without 
removal of the appendix. Some contend that removal of the appendix at this time 
promotes fistula formation; others recommend removal of the appendix at this 
time, feeling that fistulae arise in the diseased ileum and not in the cecum. Great 
improvement has followed conservative surgery in some patients who became 
asymptomatic and required no further surgery. 

2. Vagotomy has been done for regional enteritis on the basis of favorable 
results following its use in ulcerative colitis. 

Some favorable results have been reported. However, one such patient, 24 
years of age, treated at the Veterans Administration Hospital, in whom a laparotomy 
was terminated because of severe extensive inflammation, continued to have 30 to 
40 stools daily, and his course continued unfavorably. This patient was treated by 
transthoracic vagotomy, but he showed little improvement, and one year later a 
laparotomy was repeated. The bowel showed marked improvement with two remain- 
ing skip areas, and an abdominal vagotomy was performed. His course consisted of 
several remissions with numerous stools and malnutrition. Death ensued, and 


autopsy revealed severe ileocolitis with ulceration and bleeding. 


A second patient, extremely ill, treated by exclusion ileotransverse colostomy 


and abdominal vagotomy is doing fairly well, with recurrence. In these cases 


A 
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vagotomy has been of questionable value. It should probably be reserved for far- 
advanced disease unfavorable for attack within the abdomen. 


3. Ileocolostomy has been done either in preparation for resection or as a 
definitive treatment. It has accomplished so little that it should probably be avoided. 


4. Ileotransverse colostomy with exclusion is one of the most efficient surgical 
procedures available. It is especially indicated in extensive bowel involvement with 
abscess and/or fistulae. The small bowel is divided 12 to 24 in. (30.4 to 60.9 cm.) 
proximal to the highest area of involvement, the proximal end is anastomosed to 
the transverse colon and the distal end turned in and dropped back. If partial 
obstruction is present in the lower segment and a blowout of the inverted end is 
likely, the distal end may be drawn out through a stab wound and a mucus fistula 
created. Experience shows that often the course of the disease is to become more 
and more chronic and eventually to burn itself out. Surgery in the chronic stage is 
much less hazardous and more effective. [Ileotransverse colostomy with exclusion 
serves well as a first-stage procedure before resection. As the disease subsides, the 
remaining abscesses, fistulae, and diseased bowel may be removed with greater 
safety. Garlock reports the Mount Sinai Hospital mortality to be low with the 
exclusion procedure and the results excellent. Bancroft reported on 65 patients 
treated by this method, with no operative deaths and only 13.8% recurrence rate. 
Frobese and his associates state that their experience confirms that of Garlock and, 
further, that they have had occasion to reoperate in several of these cases and were 
surprised to find that all of the gross evidence of disease in the side-tracked loop had 
disappeared. In 1945 Garlock and his associates reported 57 cases in which this 
method of treatment was used without mortality, with six recurrences, an incidence 
of 10.5%. However, in 1951, a subsequent follow-up showed an additional five 
recurrences among 47 cases, 10 having been lost from observation, a recurrence rate 
of 23.4%. He is convinced that exclusion surgery is followed by fewer recurrences 
than is resection. 

Bockus, in discussing this paper, challenges Garlock’s method of arriving at his 

percentages and states: 
If we take the 103 cases of Dr. Garlock which have been followed up, 41 are found to be either 
dead or have recurrences. To me, that means a bad result in approximately 40 per cent of 
the cases. If we review the entire group of 137 cases which he reported, we find that 75 of 
them are either dead or have recurrences or have not been followed up, which means 55 per 
cent have bad or unknown results. 


Bockus also states: 


Our group in Philadelphia happens to be the group [mentioned by Garlock] which has an 
authentic recurrence rate following operation (usually resection) which is well over 50 per 
cent in this entire group of diseases which includes regional enteritis and enterocolitis. 


The experience of surgeons generally is that the exclusion operation is of great 
value, and at present it certainly is increasingly popular. 

5. Resection may be performed as a_ single-stage procedure with primary 
anastomosis, Or as a staged procedure after (1) ileocolostomy or (2) exteriorization. 


Secause the disease may start primarily in the bowel, resection has the great 


advantage of removing the involved segment and probably reducing absorption of 


toxins. On the other hand, the regional nodes are usually so extensively involved 
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that complete removal of the disease is impossible. Still, exponents of resection 
contend that remaining disease often subsides or remains asymptomatic. Garlock’s 
original statistics showed the mortality of resection (13.3%) to be much higher 
than that for exclusion (0%). With the accumulation of greater knowledge of the 
disease, better preoperative preparation of the patient, and the liberal use of anti- 
biotics, my colleagues and I have had no surgical mortality in our own limited 
experience. At the Minneapolis Veterans Hospital the same experience has obtained 
in the past three or four years since medical care was taken over by the University 
of Minnesota. Opinion in our locality definitely favors one-stage resection with 
primary anastomosis. Cattell and his associates state that from their experience, a 
recurrence rate of 30% may be expected. They prefer resection, and, with extensive 
involvement, perform staged operations. They have performed staged resections of 
diseased bowel too extensive to be done safely at one operation. Staging permits the 
patient to adjust his body metabolism without malnutrition. Six of their patients 
so treated have 60 in. (152 cm.) or less of jejunum anastomosed to varying lengths 
of colon. Cattell has found, as have others, that resection of bowel without excising 
all of the grossly apparent disease, may be followed by relief of symptoms. 

Preoperative preparation is very important, as malnutrition and the ravages of 
the disease can be corrected. The administration of adequate quantities of blood, 
vitamins, and food, together with suitable antibiotics, has greatly lessened mortality 
and morbidity. Equally important factors are the advances made in anesthesia and 
postoperative care. 

Regarding mortality and recurrences, Garlock and his associates early reported 
a mortality of 13.3% after resection but none after exclusion with ileocolostomy. 


Their recurrence rate was better in the latter. Several years later they stated that 
in the exclusion operation, with no mortality, their over-all recurrence rate was 
22.8%. In cases with treatment by resection, their mortality rate was 14%, with 
an over-all recurrence rate of 46%. Cattell and his co-workers favor resection 
procedures, which they have done 160 times, with only three deaths. They expect a 
recurrence rate of about 30%. 


Many physicians have repeatedly observed recurrences which have been almost 
asymptomatic and which displayed a definite tendency to subside. We have at present 
one patient who had a large segment of ileum and the large bowel to the mid- 
transverse colon resected by the Lahey-Mikulicz method 10 years ago, who has a 
recurrence. He maintains his weight, carries on a gainful occupation, and plays 
golf. He is being treated conservatively. Others who are known to have had 
incomplete removal of their lesions get along without great inconvenience. 

Indications for surgery are not clear-cut nor universally accepted by internists 
or surgeons. Certainly an x-ray diagnosis or an incidental finding of regional 
enteritis does not warrant radical surgery. Those with most experience with the 
disease and its treatment feel that surgery at present holds the greatest promise for 
relief. Both Garlock and Bockus indicate that their attitude toward treatment is 
that they prefer not to operate until compelled to do so because surgery often proves 
to be only palliative. Garlock adds that all forms of treatment in a disease like 
ileitis, without known cause, must be empiric. Therefore, if surgery is palliative, 
their results must be considered extremely good. Frobese states that he is in agree- 
ment with the internists, namely, that only in those cases deemed complicated or 
completely intractable to rigorous medical treatment should operation be performed. 
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Definitely, those patients who do not respond to medical treatment, who lose 
weight, bleed, or are unable to maintain a good state of nutrition, should be 
treated by operation. Similarly, those patients in whom abscesses and/or fistulae 
develop will require surgical treatment. Intestinal obstruction, either partial or 
complete, usually demands some type of surgical relief. 


SUM MARY 


Although surgery offers the most successful method of treatment, it does entail 


a very definite mortality and a high rate of recurrence. It must be employed in 


carefully selected cases until the cause of regional enteritis is discovered and better 
methods of treatment can be found. For the present, surgery must be considered 
as palliative—certainly not curative. 





RESULTS OF TREATMENT OF ACUTE SMALL BOWEL OBSTRUCTION 


Clinical Study of Two Hundred Five Consecutive Cases 


JOHN A. BOLLINGER, M.D. 
AND 


EDSON F. FOWLER, M.D., M.S. 
EVANSTON, ILL. 


MALL bowel obstruction has always been a serious problem, but the over-all 

mortality rate, which in 1908 was reported by Scudder ' to be 60%, has suc- 
cessively fallen to 44%, as reported by McIver * in 1932, and to 17.9%, after the 
introduction of the intestinal decompression method in 1933, as reported by 
Wangensteen * in 1939. More recently, Moses * in 1946 reported a mortality rate 
of 8%, but in his series he did not include cases of congenital atresia, which are 
notoriously associated with a high mortality rate; West and Schetlin,® though they 
included neither cases of atresia nor of mesenteric thrombosis, reported a mortality 
rate of 16.3% in 1950. 


ANALYSIS OF CLINICAL MATERIAL 


Our clinical material is drawn from a nonuniversity hospital of 375 beds and 
75 bassinets during the period of 1945 to 1951. During this time, there were 98,590 
hospital admissions, of which 43,490 were surgical. Of the patients admitted for 


surgery, 205 were found, on the basis of history, physical examination, and special 


examinations, to have small bowel obstruction. Small bowel obstructions were 
definitely proved by surgery or autopsy in 175 of this group, while the remaining 
patients whose obstruction was permanently relieved by conservative management 
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possessed all the classic clinical characteristics of this condition. Where conservative 
management was successful, obstruction was believed, on the basis of history, find- 
ings, and clinical course, to be due to postoperative adhesions. Temporary small 
bowel obstructions on a neurogenic or inflammatory basis and cases of obstruction 
resulting from generalized secondary carcinomatosis were not included in this series. 
With the exception of those conditions just noted, all organic conditions causing 
obstruction to the passage of small bowel contents have been included. Many 
authors have avoided including in their series atresias and mesenteric thromboses, 
a selection which necessarily results in more favorable mortality rates, but it is our 
belief that since the two conditions are often indistinguishable preoperatively from 


TABLE 1.—Over-All Mortality of Acute Small Bowel Obstruction 


Author Year No. Cases Mortality, % 

Pre-suction period 

Scudder* 1908 121 60 

Mclver* 1932 156 44 
Suction period 

Wangensteen 1939 190 

Mosest 1946 118 

Went OA BORtTIAE. 000 cccccccccscces - 1950 177 

Bollinger and Fowler 1945-1951 205 


* Excluding external hernia, neoplasms, and atresias 
+ Exeluding congenital atresia 
t Excluding mesenteric thrombosis and atresias. 
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Fig. 1—Incidence of small bowel obstruction in 43,490 surgical admissions. 


other causes of small bowel obstruction and since the problem of treatment is not 
dissimilar, both should be incorporated in any clinical study of small bowel 
obstruction. 


INCIDENCE AND ETIOLOGIC FACTORS IN SMALL BOWEL OBSTRUCTION 

During the period 1945 to 1951, the incidence of small bowel obstruction in our 
institution has progressively increased from 0.36% of all surgical admissions in 
1945 to 0.65% in 1951, an average incidence of 0.47%. Of the 205 surgical patients, 
postoperative adhesions were responsible for the obstruction in 41%. This incidence, 
which is significantly higher than that reported by earlier writers, suggests that 
increased abdominal surgery with its present high survival rate may be responsible 
for this increase. In any event, this high incidence of obstruction due to postoperative 
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adhesions should stand as a warning against unnecessary or slipshod surgery. 
Congenital defects (i. e., congenital adhesions 6%, congenital herniae 22.9%, and 
intestinal anomalies 9.9%) totaling 38% constitute the second most frequent cause 
of small bowel obstruction. 

Neoplasms (of which over half were primary) constituting 5.9%, gall stones 
2.4%, and regional enteritis 2%, complete the list of causes of small bowel 


obstruction. 


INCIDENCE OF INCARCERATION AND STRANGULATION IN SMALL BOWEL OBSTRUCTION 


Since the presence of strangulation markedly affects both the treatment and 
the mortality in cases of small bowel obstruction, it is important to know in which 
conditions this complication is commonest (Table 2). Obviously, in all cases of 


TaBL_e 2.—Etiology, Incidence, and Pathology in Two Hundred Five Cases 











Etiologie Agents No. Cases Incidence, % Strangulated, % 
Adhesions 54.1 18.0 
Postoperative 41.0 20.2 
Inflammatory 10.2 14.3 
Rin br00n ccc )ccescesebasccesbeteeue j 2.9 0.0 
Herniae 
Inguinal 34.78 
Femoral 5. 50.00 
Internal 3 if 50.00 
100.00 
100.00 
100.00 
Is ois ccvnnchntavadsicncccdebepeniecnsee 
Intussusception 5. 100.0 
Atresia 2. 0.0 
100.0 


Reduplication .f 0.0 
irk cvsvrecexsscacenedeubenscesesatscons ef 100.0 


PE ok cava bikes useanddnewaseSenees tensewieen 
Primary 
Secondary 
Extrinsic 
IN balks sAbiwandnccevtacddauesadesseacenivdeses 
ee ONE i cs nitnccenactantsneuwesededaeses 2.4 
Regional ileitis 2.0 


100.0 


mesenteric thrombosis strangulation occurred at the onset, whereas in the remaining 
conditions, strangulation was clearly secondary to the changes caused by incarcera- 
tion over too long a period and by distention, which have impaired the blood supply 
to the bowel. In our experience, intestinal anomalies as a group have been found 
to be strangulated in 75% of the cases at the time of surgery, a fact which is under- 
standable since intussusception, volvulvus, and omphalocele fall into this group. 
However, it was rather unexpected to find that 25% of the primary neoplasms of 
the small bowel causing obstruction were strangulated. This is difficult to explain, 
for during the period under study, 12 other cases of primary neoplasms of the 
small bowel were encountered which did not produce obstruction, much less strangu- 
lation. Obstructions due to hernia caused strangulation in 47.9% of all cases, 
whereas in obstruction due to adhesions, the incidence of strangulation was only 
18.3%. This relatively low incidence of strangulation in obstruction due to adhesions 
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is the only justification for attempts to use decompression as a definitive form of 
therapy in small bowel obstruction. Altogether, in 32.2% of our 205 patients, 
damage to or destruction of the blood supply of the bowel was exhibited at the time 
of surgery or at autopsy. 

PRECAUTIONS IN THE MANAGEMENT OF SMALL BOWEL OBSTRUCTIONS 

Decompressions.—Because the possibility of strangulation always exists in small 
bowel obstruction, it is evident that a “conservative management” in any case 
imposes a great responsibility upon the attending physician. This is so because the 
hazard of unnecessary surgery is becoming less than the danger caused by failure 
to relieve obstruction or to recognize strangulation while employing decompression 
therapy. It is clear from Table 1 that intestinal decompression is an important 
factor in reducing the mortality rate of intestinal obstruction, but it must also be 
emphasized that decompression, if used improperly, may actually increase the over- 
all mortality rate. Decompression must not be employed as definitive therapy in 
the presence of strangulation or its use continued in the absence of signs of improve- 
ment in the patient’s condition. The necessity for surgical intervention in the pres- 
ence of strangulation is obvious, but the point at which failure of decompression 
should be admitted is less definite. However, we believe that a time limit can and 
must be placed upon attempts at decompression as the sole treatment. We believe 
that if benefit is to be derived from decompression, there should be definite evidence 
of this within 24 hours after its institution. If definite improvement is not obtained 
within this period, one should usually resort to operation, since further delay is, in 
our experience, associated with a rapidly increasing mortality. 

Regardless of the purpose of the decompression therapy, whether as a pre- 
operative or definitive measure, it should provide rapid, efficient, and continuous 
decompression. We prefer using the Harris tube since its mercury-filled tip allows 
rapid easy passage into the small bowel and its large single lumen is not easily 
blocked by intestinal contents. Sips of water every half hour, irrigation of the tube 
if it does not appear to be functioning, and gradual advancement of the tube will 
permit efficient decompression and will often allow the tip of the tube to advance 
to the actual point of obstruction. X-ray examinations have been useful to verify 
the passage of the tube into the small intestine, to point out the level of obstruction, 
and as a check on our clinical impression of progress in the reduction of distention. 
We have also found that should surgery become necessary, the presence of a tube 
well down in the small intestine not only aids in the location of the obstruction but 
also reduces abdominal manipulation, aids in the rapid decompression of residual 
dilated bowel, and makes abdominal closure easier. It also provides a safety factor 


by insuring decompression of the suture line should resection of bowel be required. 


NECESSITY FOR THE EARLY DIAGNOSIS OF IMMINENT STRANGULATION 
Delay in the patient’s decision to seek medical aid is accompanied by an increase 
in the incidence of strangulation. This increasing incidence of strangulation with the 
passage of time can be shown by plotting the degree of leucocytosis, the degree of 
febrile response, or the duration of unrelieved symptoms, such as pain (all of which 
are symptoms of imminent or actual strangulation), against time (Fig. 2). It is 
likewise evident that the incidence and severity of manifestations indicative of 


strangulation not only increase with the duration of symptoms but are paralleled 
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by an increasing mortality rate, as indicated by a mortality rate of 6% during the 
first 48 hours, 13% during the succeeding 24 hours, and 38% or higher in the 
period thereafter (Fig. 3). It follows also that with the increasing degree of 
pathologic changes more serious surgery will be required and, unfortunately, 
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Fig. 2—Relation of leucocyte count and temperature to mortality rate. 
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Fig. 3—Delay in operation as related to mortality. 


TABLE 3.—Relation of Operative Procedure to Mortality Rate in One Hundred and 
Stixrty-Seven Cases 





Surgical Procedure No. Cases No. Deaths Mortality Rate, % 


Release of obstruction 106 0.0 
Resection of nongangrenous bowel 14 7.14 
Resection of gangrenous bowel 32 31.3 
Resection of perforated gangrenous bowel 15 j 40.0 


Total 167 7 10.1 


must be performed upon a patient whose caloric reserves have been diminished, 
whose recent fluid and electrolyte balance have been a matter of relative guesswork, 
and whose peritoneum is increasingly likely to be contaminated by bacteria. Under 
such conditions, as Table 3 demonstrates, the surgical mortality remains proportional 
to the magnitude of the operation. Hence, strangulation or even suspicion of 


strangulation is the most obvious contraindication to the conservative management 
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of small bowel obstruction and constitutes a hazard which can hardly be over- 
emphasized. Cole * has summarized the danger signals which, since they are those 
of strangulation, should contraindicate further conservative management. The 


earliest manifestations of impending gangrene or gangrene itself are increased pain 


or abdominal tenderness, increased pulse rate, or the development of a mass. The 
signs which appear later are largely those of peritonitis, i. e., muscle spasm, fever, 
leucocytosis, and still later shock. Reinus* has been able to show clinically that a 
differentiation between incarcerated and strangulated bowel is possible upon the 
basis of these signs and symptoms, though no single finding in itself is pathognomonic 
unless it is the sudden onset of shock. However, the appearance of any one of these 
signs should strongly suggest the possibility of strangulation and hence surgical 
intervention. 


ADDITIONAL PRECAUTIONS IN SMALL BOWEL OBSTRUCTION 

Since the manifestations of early strangulation, i. e., increased pain, increased 
pulse rate, and increased abdominal tenderness or distention, are relative, it is 
essential that a base line of the patient’s condition be established so that changes 
from this condition can be appreciated. Such records must be obtained on admission 
and must be rechecked and recorded at frequent intervals. In this connection, it is 
therefore evident that the use of sedatives or narcotics is contraindicated during 
the period of decompression so that significant symptoms and signs are not masked 
or incorrectly evaluated. During this period, the patient is prepared for surgery by 
correction of fluid and electrolytic imbalances, and the caloric deficit is reduced by 
the use of 10% dextrose. Blood may also be useful in improving the patient’s 
condition regardless of the ultimate course or events. The administration of a wide- 
spectrum antibiotic is also an advisable precaution, not only because of its advantages 
should surgery become necessary but also because even in the patient not operated 
on it reduces morbidity due to bronchopneumonia, oral sepsis, and urinary infections 
which are so prone to affect the bedridden and, especially, the intubated patient. 


COMMENT ON CLINICAL DATA 


Disposition of Cases —Of our 205 patients with small bowel obstruction, 6 were 
moribund on admission and could not be influenced by any form of therapy. Of the 
remaining 199 patients, 135 showed indications for surgery as soon as dehydration, 
distention, and electrolyte imbalance could be corrected. In 64 patients intestinal 
intubation was attempted as definitive therapy, and although the tube was passed 
successfully beyond the pylorus in over 80%, it was successful in completely relieving 
the obstruction in only 30 (46.7%). Of the 34 patients in whom decompression 
was unsuccessful or in whom strangulation was suspected, surgery was performed, 
in 61.8% for the former and in 38.2% for the latter reason. Impending or actual 
strangulation was usually correctly diagnosed, though not always so soon as it might 
have been; such a diagnosis was obviously followed by immediate surgery. The 
inability to recognize or to admit failure of decompression therapy was responsible 
for many errors in management because of inaccurate evaluation of the patient's 
———— 

6. Cole, W. H.: Intestinal Obstruction, California Med. 73:384-390, 1950. 


7. Reinus, F. Z.: Diagnostic Critera in Strangulating Obstruction of the Small Intestine, 
Ann. Surg. 133:184-190, 1951. 
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status or course or because of wishful thinking on the part of the attending physician 
or consultant. Even in retrospect, it may be difficult to determine where an error 
in judgment was made in a given case, although at surgery or autopsy it may have 
been painfully evident that such an error was made. 


TABLE 4.—Disposition of Two Hundred Five Cases of Small Bowel Obstruction 


Disposition No. Cases 


Operation performed (7 patients were almost moribund and 10 had 
obstruction for an average of 6.6 days) 


No operation 
Successful conservative 
Moribund on admission 
Misdiagnosis, 


Total 


TasLe 5.—Indications for Surgical Intervention in Thirty-Four Cases with Failure of 
Conservative Treatment 


Indication % Cases 
Failure to relieve obstruction 2 61.8 
Signs of strangulation 
Peritoneal signs ‘ 26.5 
Increased temp. and/or W. B. C.* Q 8.8 
Shock 2.9 


100.0 


* Abbreviations are as follows: temp., temperature; W. B.C., white blood cell count. 


TABLE 6.—Mortality Rate Related to Duration of Unsuccessful Decompression Prior to 
Surgical Release 


Duration of Therapy, Hr. No. Cases No. Deaths Mortality, % 
10 0.0 
9 11.1 
25.0 
100.0 


20.0 


MR ssc cncadwe tests peawsaeluaveeens é j 17.1 


HAZARDS OF PROLONGED DECOMPRESSION THERAPY 

Of 64 patients in whom decompression was attempted as definitive therapy 6 
died, thus giving an over-all mortality for decompression therapy of 9.4%. How- 
ever, of the 34 patients who eventually came to surgery as a result of failure of 
decompression therapy, 6 died, giving a mortality rate for this group of 17.1%. 
When the 34 patients in whom decompression was attempted but who eventually 
came to surgery are excluded from the surgical statistics, it is found that of the 
remaining 133 patients operated on with conditions of all types, only 11 died, giving 
a mortality rate of only 8.3%. A study of the 34 patients in whom surgery was 
ultimately required demonstrates that unsuccessful decompression for less than 24 
hours resulted in no mortality, whereas decompression for longer than 24 hours 
was accompanied by a rapidly increasing mortality rate, a rate which is higher than 
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that associated with immediate surgery if all small bowel obstructions were sub- 
mitted to surgery. 

To illustrate the consequences of delay in proper therapy and the diagnostic 
complexities which may arise in the care of small bowel obstruction, particularly 
closed-loop obstruction, reports are presented of two cases with fatal outcome. 


REPORT OF CASES 

Case 1.—A 9-year-old boy entered the hospital four months following an appendectomy for 
gangrenous appendicitis, with symptoms of local discomfort, the gradual appearance of a mass 
in the right lower quadrant, and signs of generalized peritonitis of three days’ duration. X-rays 
of the abdomen showed no evidence of distended bowel, and no masses were palpable in the 
abdomen. Clinical opinion at that time favored the presence of a residual intra-abdominal 
abscess which had already perforated to produce generalized peritonitis. In view of the gravity 
of the patient’s condition, it was felt that surgery was contraindicated; conservative manage- 
ment by decompression, parenteral fluids, and antibiotics was undertaken, but to no avail; the 
patient died on the fifth hospital day. Autopsy revealed a closed-loop small bowel obstruction 
with gangrenous peritonitis caused by adhesive bands in the region of the recent appendectomy. 

Delay on the part of the patient’s family in seeking medical attention was largely responsible 
for the patient’s death, for even had the correct diagnosis been made, it is unlikely that he could 
have survived the necessary surgery, as his condition was already complicated by established 
peritonitis. 

Case 2.—A 28-year-old woman, 12 days*post partum reentered the hospital with signs of 
peritoneal irritation and a mass in the right lower quadrant which was continuous with the 
uterus and moved with it on palpation. The patient did not vomit, and x-rays of the abdomen 
failed to show distended loops of bowel. The clinical impression by both the consulting obste- 
trician and the surgeon was that of subinvolution of the uterus with parametritis and peritonitis. 
Conservative therapy was therefore instituted; however, the patient became progressively worse 
and died on the fifth hospital day. Autopsy revealed loops of small bowel which had been 
strangulated by adhesive bands extending from an old appendectomy scar to the uterus and 
lateral peritoneal gutter, producing a closed-loop obstruction. 

[f this patient had not been recently delivered of a pregnancy or if the clinical signs of small 
bowel obstruction had been more typical, a correct diagnosis would have been facilitated and 
surgical intervention would probably have prevented the fatal termination. 


MORTALITY RATES RELATED TO THE CAUSES OF SMALL BOWEL OBSTRUCTION 

It is not to be thought that delay in surgical intervention, for whatever reason, 
is the sole cause of death in small bowel obstruction. Some types of small bowel 
obstruction because of their inherent pathology are accompanied by high mortality 
rates. Mesenteric thrombosis, which in our experience resulted in 75% mortality, 
is an example of this fact. The usually massive nature of the pathology, the 
chronically diminished reserves of many of these patients, and the tendency for 
recurrence or progression of arterial embolus or thrombosis is attested to by all 
clinical studies on the subject. 

The mortality rates in cases of neoplasm, 33%, in our hands, seems excessive 


even though such patients are generally in a poor nutritional state. This is perhaps 


attributable to the additional strain resulting from the fluid and electrolyte imbalances 
imposed by prolonged vomiting and chronic shock. Perhaps a lower rate might be 
obtainable in a larger group of patients with more meticulous management. 

Our mortality rate of 11% in congenital small bowel obstructions would seem 
to be susceptible of improvement, but, again, the inherent pathology in some of these 
cases does not warrant undue optimism. There is clearly room for improvement in 
the 8% mortality we have encountered in obstruction due to adhesions. 
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Closed-Loop Small Bowel Obstruction—A large proportion of our fatalities in 
small bowel obstruction has been associated with a condition sometimes known 
clinically as “closed loop obstruction.” Nowhere was this more frequent than in 
the case of obstruction due to adhesions whether acquired or congenital. By closed- 
loop obstruction is meant the condition present when a loop of bowel is obstructed 
at two separate points so that the intervening segment of the bowel is, in effect, 
closed or separated from the rest of the intestinal tract. This condition was present 
in 10% of our entire series, and in 91% of patients with such closed-loop obstruc- 
tions, strangulation was found at the time of surgery or autopsy. Conditions other 
than adhesive bands which may produce this picture are internal hernia or volvulus. 
The simultaneous occurrence of any two of the other causes of intestinal obstruction 
at divergent points is also possible. Figure 44 shows the x-ray findings in a patient 
with a closed-loop obstruction. Figure 4B illustrates an example of a volvulus 
type of closed-loop obstruction caused by a postoperative adhesive band at surgery 


> J 


Fig. 4.—A, left portion of roentgenogram illustrates localized area of decreased density show- 
ing no small bowel pattern. Less clearly indicated on the right, overlying the ilium, is a similar 
area which does show the small bowel pattern. B, findings at surgery for the case illustrated in 
A demonstrate gangrene of the closed loop on the left, caused by an adhesive band, and only dis- 
tention of the proximal small bowel segment on the right. 


which produced the x-ray findings in Figure 44. Unfortunately, it is difficult to 
make a diagnosis of closed-loop obstruction in the early stages because of the 
frequent absence or minimal evidence of the classic signs of small bowel obstruction, 
such as distention or vomiting. However, in our experience, x-ray studies revealed 
an isolated distended loop of small bowel in only 50% of all such cases, and in only 
50% was such a distended loop palpable. Unfortunately the presence of such a 
mass may be the only clinically remarkable finding prior to the appearance of 
symptoms of strangulation, since the accumulation of intestinal contents proximal 
to the obstruction only later results in vomiting or distention. 

Since strangulation in closed-loop obstruction may develop rapidly, frequent 
careful observations of the patient for peritoneal signs suggesting this complication 
are mandatory, as our mortality rate of 27.3% in our closed-loop obstruction as 
compared with our 12.1% over-all mortality rate illustrates. However, negative 
findings on x-ray examination, the absence of clinical distention, the absence of 
manifestations of strangulation, and the passage of stools from the bowel distal to 
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the site of such an obstruction may confuse even the most astute clinician. In such 
a situation, the introduction of 1 or 2 oz. (30 to 60 gm.) of liquid petrolatum 
through the decompressing tube followed by clamping of the suction for several 
hours may permit the petrolatum to be recovered by enema some 6 or 8 hours later 
if the obstruction has actually been relieved or if it is only partial. We have seen no 
ill effects from the early use of this procedure. In 42 cases in which this device was 
utilized it proved to be accurate in 48% of cases. Such a clinical test, if one has 
been unsuccessful in obtaining liquid petrolatum in the enema return, will often 
reinforce one’s decision to operate before too much ground has been lost. If liquid 


petrolatum has been obtained, indicating absence of complete obstruction, a trial of 


Fig. 5—Roentgenogram illustrating the localized “U-shaped area of decreased density often 
seen in closed-loop obstruction. Presence of the small bowel pattern demonstrates the nature of 
the decreased density. Position of the density in the upper left portion of the abdomen beneath 
the stomach gas bubble suggests that it is an upper bowel obstruction, which was verified at 
surgery. 


feeding by mouth may be attempted if the enema is effectual. However, it is very 
important that actual food not be given in significant quantities until 24 to 36 hours 
have elapsed since release of the obstruction. The tube may be left in position and 
if the feedings are satisfactorily retained without vomiting or distention, the 
decompression tube may be removed, particularly if a stool is subsequently passed. 

Causes of Death in Small Bowel Obstructions —Death in cases of small bowel 
obstruction is usually due to failures in the body defense mechanisms and/or a 
failure of the cardiac, pulmonary, or renal system. From a summary of the causes 
of death in our 17 postoperative cases we can determine how our therapy might 
have been improved. Shock and peritonitis were responsible for 41.2% of the 





Fig. 6.—Extensive dilatation of most of the small bowel produced by a gallstone becoming 
impacted in the terminal ilium. Gallstone is not visible on roentgenogram, but air in the biliary 


tree, indicated by the arrow, suggests that erosion of a gallstone from the gall bladder or common 
duct into the small intestines is the most likely cause of this condition in the absence of previous 
reconstructive biliary-tract surgery. 
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Fig. 7—Mortality rate in 167 cases with operation for small bowel obstruction. 
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deaths, and could have been largely prevented by earlier diagnosis and therapy. 
Cardiac failure, electrolyte imbalance, and possibly bronchopneumonia were 
responsible for the remaining 58.8% of the deaths in our series. It is probable that 
many of the latter deaths might have been prevented if futile attempts at decom- 
pression had been terminated by surgery after 24 hours’ trial. Delay and the 


TABLE 7.—Operative Mortality in One Hundred Sixty-Seven Cases 


Cause of Obstruction No. Cases No. Deaths Mortality, % 
Mesenteric thrombosis 3 75.0 
Neoplasms : 3 25.0 
Congenital defects ................. ; i: 5 8.0 
Adhesions 6 7.3 
Regional ileitis 0 
Gallstones 0 


Total oe 7 17 


TABLE 8.—Comparative Symptomatology of Simple, Strangulated, and Closed-Loop Obstruction 
in Two Hundred Five Cases 


Incarcerated Obstruction Strangulated Obstruction 


Symptomatology Simple, % Closed-Loop, % Simple, % Closed-Loop, % 
100.0 100.0 100.0 100.0 
100.0 100.0 100.0 100.0 
Vomiting 965 50.0 97.0 91.0 
Diarrhea 4 0.0 16.0 18.4 
inns cnvcccsesceces 2 100.0 78.8 72.8 


Distention 50.0 63.7 13.7 
Hyperactive bowel sounds. 39.5 50.0 19 4.5 
Absent bowel sounds 0.0 36.5 45.4 
Peritoneal irritation. ae b 0.0 5 81.9 
Pulse rate over 84 52.5 50.0 90.4 77.3 
Temp. over 98.6 F... oa 57 77.8 68.3 
27.3 
Abdominal mass..... { 54.6 
X-ray signs of obstruction. . 7 : w.0 
Leucocytosis over 10,000..... 50.0 : 50.0 
Hemoconcentration 
R. B. C., 5,500,000. ........ o») 100.0 33.5 40.9 
Hb., 15.8 gm 
Urinary concentration, 
QUEER BTEs 6 nccdexcevees 
Total cases, no.. 


Total cases, ¢ 


* The total per cent of cases of incarcerated obstruction is 67.8; of strangulated obstruction; 32.2. 


production of strangulation and peritonitis are of course major factors, but it should 
also be realized that this delay also caused variable degrees of fluid and electrolyte 
imbalances and bronchopneumonia. However, it is gratifying to note that our 
diagnosis and therapy have apparently improved over the past years, since our 
surgical mortality has improved from 14 to 6.6%. 

Postoperative Complications—An analysis of the hospital course of the 167 
patients (Table 8) who underwent surgery revealed a total of 52 complications in 
34 patients, a patient incidence of 20.4%. The average period of hospital stay 
of patients without complications was 10 days, whereas of those in whom compli- 


cations developed it was 21.1 days. Medical and surgical complications were about 
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equal and are representative of the type and incidence reported by others. A distinct 
reduction in postoperative complications has been noted even during this short 
period. 

SUMMARY 


During the period 1945 to 1951, there were 205 cases of acute small bowel 
obstruction, an incidence of 0.47% of all surgical admissions. 

Postoperative adhesions produced 41% of these obstructions and were respon- 
sible for the increasing incidence of small bowel obstruction, congenital defect, 
neoplasms, and other causes becoming relatively less important. 


TABLE 9.—Cause of Death in Seventeen * of One Hundred Sixty-Seven Operative Cases 





Patient Relative 
Etiologie Agent No. Cases Incidence, % Incidence, % 
Cardiac failure 5 29.4 
Electrolyte imbalance 4 23.6 
Peritonitis q 3. 23.6 
3 17.6 
2 


Bronchopneumonia 11.8 


Total or average 17 . 100.0 


Of these 17 cases, in 7 the patients were almost moribund on admission. Of the remaining 10 cases, there 
had been a delay from the time of onset of symptoms to the time of surgery for an average period of 6.6 
days. 


Tasce 10.—I/ncidence of Complications * and Morbidity in Thirty-Four of One Hundred 











No. Com- Mean Hospital 
plications Incidence, % Stay, Days 


Wound infection 6.0 21 

Postoperative ileus 4.8 19 

Atelectasis, bronchopneumonia 4.8 19 

Thrombophlebitis or pulmonary infarct 24.6 
Cardiae decompensation 

Fecal fistula 

Postoperative obstruction (adhesion band) 
Hemolytie ieterus 

Pyelonephritis 

Penicillin reaction 

Diabetic acidosis 

Spinal headache 


J 


—e ae rh a 


Total or average 


The average uncomplicated postoperative stay was 10.5 days. There were 52 complications in 34 patients, 
giving an incidence of complications of 20.4%. During the first half of the seven-year period studied, the 
incidence of complications was 29.6%, during the latter half, 13.5%, indicating improved handling. 


In 33.2% of all cases of small bowel obstruction there was some degree of 
strangulation. Strangulation occurred in all cases of mesenteric thromboses, in 
25% of cases of primary neoplasms, in 47.9% of cases of hernia, but in only 18.3% 
of cases of adhesive bands. 

Decompression as a definitive measure was successful in relieving obstruction 
due to adhesions in 30 of 64 cases in which it was attempted, an incidence of 46.7% 
with an over-all mortality rate of 9.4%. 

In the 34 cases in which decompression was unsuccessful in relieving the 
obstruction, followed by surgical relief, there was no mortality if this therapy was 
limited to 24 hours. If decompression lasted 24 to 48 hours, the mortality became 
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11.1%, if over 48 hours it became 33.3%, giving an over-all mortality for cases in 


which decompression was unsuccessful of 17.1%. 

Immediate surgery was performed in 133 cases, 64.9% of all cases of small 
bowel obstructions, with a mortality rate of 8.3%. 

Including the 34 cases in which relief of obstruction by decompression was 
unsuccessful with those in which immediate surgery was done gave a total of 167 
cases, with a surgical mortality of 10.1%. 

Since the primary surgical mortality is less than the ultimate mortality in cases 
with decompression for more than 24 hours, in no case should decompression 
therapy be continued longer than 24 hours in the absence of relief of obstruction. 

In our experience, small bowel obstruction due to mesenteric thrombosis had a 
75% mortality, obstruction due to neoplasms 33%, and those due to congenital 
defects 11%. The figures can be improved, of course, but will always be signifi- 
cantly higher than those due to adhesions because of the original pathology involved. 

“Closed loop” small bowel obstruction occurred in 10% of our cases and 
resulted in a 27.3% mortality. 

The over-all mortality rate of small bowel obstruction has fallen from 14%, in 
1945, to 6.6%, in 1951. 

Postoperative complications have diminished from 29.6%, in 1945, to 13.1%, 
in 1951, to produce on over-all morbidity rate of 20.4%. 

The over-all mortality rate of small bowel obstruction can probably be relieved 
below 5% by making earlier diagnosis of strangulation and by limiting unsuccessful 
decompression therapy to 24 hours. 

DISCUSSION 

Dr. CLraupE J. Hunt, Kansas City, Mo.: I want to congratulate Dr. Bollinger on the 
splendid manner in which he presented this subject and on the excellent analysis he has made 
of his cases. 

The problem, both of obstruction of the small bowel and obstruction of the colon has been 
of extreme interest to me for many years. I want to approach the problem from the standpoint 
of what information can be derived from a scout film of the abdomen toward making an early 
diagnosis of obstruction and toward determining whether or not the obstruction is a simple or 
strangulated one. 

Unfortunately, most patients with obstruction do not present themselves early; rather, they 
come late and are often in poor anatomical and physiological condition for operation. If they 
have a strangulated obstruction, immediate surgery has to be done, regardless of their condition ; 
otherwise, perforation and peritonitis will occur. 

If there is a simple obstruction and no impairment to the vascularity of the bowel is present, 
one may take sufficient time to decompress the distended intestinal tract and at the same time 
restore the physiological condition of the patient. After this is successfully accomplished, surgery 
can be done as an elective procedure with little or no mortality. 

(Slide) In simple obstruction of the small bowel a distinct pattern is assumed by the distended 
proximal bowel; that is, it assumes a transverse position to the long axis of the bowel and the 
valvulae conniventes are seen—generally in the jejunum rather than the ileum. 

Looking at a film like this, I believe, one is definitely certain from having previously cor- 
related the observations in the operating room with the roentgenological findings that there is 
no impairment to the circulation of this intestinal tract. In this case obstruction occurred fairly 
early. The patient refused operation. 

(Slide) A few hours later this film was taken, and the obstruction had progressed greatly. 
The bowel was decompressed by intubation, because it was apparently simple in type and 
decompression could be done safely. 
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(Slide) This is a simple small bowel obstruction. As indicated by the pattern of distention the 
bowel has assumed and because the valvulae conniventes are distinctly visible. This type of 
advanced distention is definitely unsuitable for immediate surgery because of anatomical dis- 
tention and physiological blood and fluid changes. By decompression with an intestinal tube the 
patient can be anatomically prepared for operation, and during this period electrolyte and fluid 
loss can be restored to normal. 

The passage of this tube is not difficult if there is a team furnished by the radiological depart- 
ment to do it. It must be done by fluoroscopic guidance and should therefore be the function 
of the x-ray department and not attempted by the resident. In our institution we have such a 
team, and these indwelling tubes have been passed in over 200 cases. There was 5% failure 
occurring largely in patients who were moribund or in those who had had previous subtotal 
gastric resection, in which instance, in our experience, it has not been possible to pass the tube. 

(Slide) One sees here that in strangulated obstruction there is no distinct pattern. There are 
no valvulae conniventes. There is a distinct loop of strangulated bowel without any tendency to 
form a stair-step arrangement. This loop is very dark in color. 

(Slide) The distended bowel is darker than the other, and one immediately concerns one’s 
self concerning whether there is a strangulation. The distended bowel has no valvulae markings, 
and the edges are smooth, not corrugated as in simple obstruction. This indicates a devitalized 
bowel. 

(Slide) This slide shows the specimen removed. 

(Slide) Whenever there is no distinct pattern, when there is a loop or volvulus-like type of 
indefinite pattern, as is seen here, with a darker area than normally seen and there are no 
valvulae conniventes, one can be certain that there is impairment of the circulation and that 
immediate operation must be performed. 

(Slide) This shows a large segment of the bowel that was removed and a Meckel’s diver- 
ticulum adherent around the bowel causing the strangulation. 

(Slide) This slide shows a patient who had previously had two colon resections for malig- 
nant neoplasms. The idea might occur to one that the obstruction was due to recurrence, and 
that it was inoperable, but by barium enema it is seen here that this strangulated area was in no 
way related to the previous colon surgery. The colon is not obstructed and distinctly not involved. 
Exploration was done. 

(Slide) This slide shows the specimen that was removed—a strangulated segment of small 
bowel. 

(Slide) This slide shows a large indefinite type of distended small bowel, with no valvulae 
conniventes and with no pattern of distention. This indicates a strangulated type of obstruction. 

(Slide) This shows the gangrenous segment of bowel which was removed. It was devitalized 
and undergoing necrosis. 

I should like to conclude by saying a word about mesenteric thrombosis. I wanted to show 
some slides yesterday taken in a number of cases we have had, but the paper was not presented 

(Slide) In mesenteric thrombosis there is a sudden onset of pain; there is atony of the 
bowel due to devascularization; there is accumulation of gas, both in the small bowel and in 
the colon. Here the gas is visible in both the small bowel and the colon. 


If the mesenteric thrombosis is at the root or the stem of the superior mesenteric artery, 
there is nothing to be done. The entire small bowel with the terminal duodenum and the right 


colon becomes deprived of blood. I have some slides showing obstruction at the stem of the 
superior mesenteric artery, which definitely demonstrates the distribution of the superior mesen- 
teric circulation to the entire small bowel and the entire right colon. There is a line of 
demarcation in the midportion of the transverse colon. 

(Slide) This is the specimen resected from a man 89 years of age who had a mesenteric 
thrombosis. There were only 30 in. (76 cm.) of small bowel left, a small segment distal to 
the ligament of Treitz and a small segment just proximal to the ileocecal valve. An end-to-end 
anastomosis was done, and this man made a good recovery and lived for several months after 
operation. The onset was sudden with severe abdominal pain. He did not suffer materially 
from nutritional deficiency, but he subsequently died of respiratory infection and cardiac failure. 

In many cases of segmental mesenteric thrombosis successful resection can be done. This 
I see occasionally. 


I enjoyed Dr. Bollinger’s paper and will read it carefully when it is published. 
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Dr. WARREN Coe, Chicago: I have followed the preparation of this paper and was very 
favorably impressed with many fine points that the authors developed and presented here today. 

In the first place, one will recall, that of all the etiologic factors the incidence of obstruction 
due to adhesions in their study had increased up to 54% from an average of about 30% in 
reports a few years ago, whereas the incidence of hernia had dropped to 23%. This indicates 
that the increasing number of operations is resulting in an increasing number of cases of intestinal 
obstruction. 

I should like to emphasize that adhesive obstruction, as Dr. Bollinger implied, is the only one 
of these obstructions which should be treated definitely by decompression. Their mortality rate 
in 106 patients operated on, having release of obstruction in absence of gangrenous intestine, 
was zero; in these cases the obstruction was relieved by cutting an adhesive band. If they had 
to resect some nongangrenous bowel, the mortality rate was 7%, and if they had to resect gan- 
grenous bowel, the mortality rate was 31%. 

Here is something still more important, in my estimation: When the duration of the obstruc- 
tion was from 1 to 24 hours, their mortality rate was 0%, but if the obstruction was 24 to 48 
hours in duration, it was 11%. The mortality rate increased with the duration of the obstruction. 

The lesson to be learned from this is that if obstruction due to adhesions is being treated by 
decompression, treatment must not be carried out longer than 24 hours. If one is unable to 
obtain a satisfactory release in 24 hours, the patient must be sent to the operating room as an 
emergency. It is not possible to delay longer without appreciably increasing the mortality rate. 

My final remark is related to the diagnosis of strangulation. Although Drs. Bollinger and 
Fowler discuss this point in their paper, they did not have time to elaborate on the mechanisms 
of arriving at a diagnosis of strangulation. The necessity for immediate recognition is obvious, 
inasmuch as early operation is necessary 1f strangulation is present. 

I contend that this diagnosis can be made with a high degree of accuracy. The important 
features in the diagnosis of strangulation, the x-ray findings of which were brought out by 
Dr. Hunt, are as follows: pain, increase in pulse rate, presence of a mass, increase of tender- 
ness and pain, and increase in muscle rigidity. The latter is a relatively late sign which may 
imply that perforation has developed. 

I confess that it will be more difficult to determine the presence or absence of strangulation 
when the patient first comes into the hospital. Part of this difficulty is related to the increase 
in manifestations brought about by transportation. If decompression is to be carried out for 
an hour or so, and if the patient is given fluid, it is possible to tell by the way he responds 
whether or not he is going to retain some of these relatively acute manifestations which he may 
present upon admission because of the traumatizing effect of transportation and manipulation. 

Again, intestinal obstruction is a disease that is serious and one which requires the best judge- 
ment we have; likewise, it is a disease in which the mortality rate is directly related to the 
efficiency and correctness of work done in such cases. 

Dr. Water G. MAppock, Chicago: I wish to compliment Dr. Bollinger for his excellent 
presentation of this subject. Intestinal obstruction is always of interest because we continue to 
see a considerable number of patients with this distressing condition. I should like to empha- 
size two points concerning the disease. One has been made by Dr. Claude Hunt, namely, that 
distention is not always present with intestinal obstruction. 

Recall Dr. Bollinger’s abdominal roentgenogram slide of a patient with a loop of gan- 
grenous bowel. There was only one spot in the abdomen that contained gas. That was probably 
the loop of gangrenous bowel, and no other segments were distended with gas. Why some 
patients with intestinal obstruction due to strangulation do not ingest a great deal of air down 
the esophagus and thus become generally distended, I do not know. 

I do know from studies of gaseous distention that some surgical patients, and other patients, 
under conditions of pain, apprehension, or fear, become temporary aerophagics. It is the only 
way one can account for the large amount of air coming down the esophagus into the gastro- 
intestinal tract on such occasions. The mechanism of being able to ingest air is present, since 


the upper part of the esophagus has some striated muscle and the superior esophageal constriction 
can be voluntarily opened. 


For example, some people can belch at any time by aspirating or ingesting air down the 
esophagus and immediately regurgitatirg it back. Esophageal speech is just a refinement of this 
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process. Most of the air of gastrointestinal distention, either preoperatively or postoperatively, 
or without any operation, is unconsciously ingested as a reflex nervous phenomenon. Not all 
patients are so affected; relatively few postoperative patients become distended, and even some 
patients with intestinal obstructions do not become distended. 

The second point I wish to make is that whenever one has failed to relieve intestinal dis- 
tention preoperatively, the bowel should be deflated as part of the operative procedure. It has 
been my practice never to close the abdominal wall over distended intestines. For example, one 
may relieve an obstructive point by incising an adhesive band or resecting a tumor or gan- 
grenous loop. Above this pathology the bowel may be considerably distended, and because of 


postoperative ileus the distending gas and some of the fluid may not pass for two or three days 
and may have to go through a recent not too well functioning anastomosis. To obviate this, to 
reduce intra-abdominal pressure, to lessen possible absorption of toxic bacterial products from 
the bowel, to allow better respiratory movement, to make closure of the abdominal wound easier, 
and to lessen the risk of postoperative dehiscence, distended bowel loops should be carefully and 


gently deflated. With huge distention, some of the gas can be aspirated by a large needle attached 
to the suction tube and inserted through the bowel wall at an angle. More adequate evacuation 
can be done by making a small incision and inserting a suction tube with the guard on it. With 
careful packing around the bowel, spillage should be minimal, and slight contamination is well 
handled by the administration of antibiotics. The intestines should not be stripped, but careful 
lifting and moving will bring the gas and fluid to the suction point. A few interrupted Lembert 
sutures of nonabsorbable surgical (silk) suture material will close the bowel opening. The 
patient thus leaves the operating room with the intestines collapsed and no abdominal distention 
present. 

Postoperatively the use of continuous gastric suction through a short tube removes all the 
air entering the stomach through the esophagus, and the intestines cannot become distended 
again. Thus the patient has an excellent start on a smooth postoperative convalescence. 
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broad-spectrum 


ACYCLINE HYDROCHLORIDE 


well-tolerated 


Antibiotic Division 
Chas. Pfizer & Ce., inc. 
Brooklyn 6, N. Y. 
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Intravenous Terramycin therapy 
in over 100 cases of surgical 
sepsis following operations of the 
thorax, abdomen or limbs gave 
“none but the most favorable 
results, The weil-known side- 
effects in connection with orally 
administered antibiotics . . . 
were never found to occur, nor 
did we at any time observe 

any other toxic reactions.” 


Deucher, F.: Schweiz. med. 
Wehnechr. 82:1 (Jan. 5) 1952. 
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“Our experience with Terramycin 
by the intravenous route has 
been good. It has been effectively 
used without difficulty by con- 
tinuous drip infusion for several 
days in the smallest infant...” 


Farley, W. J., Konieczny, L.: 
J. Pediat. 42:177 (Feb.) 1953. 


Intravenous Terramycin, followed 
by oral therapy after 3-5 days, 
“js a singly effective, superior 
antibiotic in the treatment of 
peritonitis and ...a good result 
can frequently be obtained 

with this drug when [other 
antibiotics} have failed. It thus 
has great usefulness both as a 
primary therapeutic agent and as 
an alternate antibiotic.” 


Reiss, E., et al.: A. M. A. Arch. 
Surg. 64:5 (Jan.) 1952. 








MECHANICAL PERFECTION 
TO AID SURGICAL SKILL 


| GOOD-LITE 


THE PHYSICIANS 

UNIVERSAL HEADLIGHT 
Constructed with finest scientific 
craftsmanship to give you an in- 
strument of enduring quality . . . 
Good-Lite is one of the finest, 
most brilliant headlights ever 
constructed. You have 750 
foot candles directed exactly 
where you want it and to a 
depth you desire. Good-Lite 
is completely adjustable so 
a that it will fit all doctors. It 
ation for all body may be used over one eye for 

OOD-LITE UNIT INCLUDES eo 
G cavities: throat, nose, ear, harynx, deep, narrow cavities, or be 
Good-Lite Parallel Headlight oral surgery, dental surgery, brain i a 5 alae sheath 
surgery, eye surgery. gynecology, tween the eyes tor shallow 
Two mirrors bronchoscopy, fenestration, procto- cavity work, or at the side for 
Extra long life bulbs scopy. oblique illumination. May be 


readily adjusted for parallel, 
Variable 15 watt transformer Complete with Two Interchangeable Mirrors ; : ! 
divergent or convergent rays. 


Molded shock-proof rubber con- Removal of mirror permits 
nections i 
use as direct headlight. 
White acetate plastic head- 
band, leather or fiber. (form- 
fitting) 
PLAIN MIRROR PEEP HOLE MIRROR 
1, PLAIN MIRROR—For shallow cavities such as throat, eye, 


GOOD-LITE CO. eet oe aad 


: cil nm aperture—no glass to cloud or 
7638 Madison Street Forest Park, Illinois 3. DIRECT LIGHT tor surface surgery by simply removing mirror. 





BOOKLETS ON 
MENTAL HYGIENE 


Here are several booklets on mental 
hygiene that may prove of interest and 
use to you and your patients. 


EMOTIONAL HEALTH IN WORK AND PLAY. 
R. Retlaw. 8 pages. 15 cents. 


MESMERISM MINUS MESMER. Stefan Zweig. 
he discussion of hypnotism. 5 pages. 5 cents. 

The New 

NERVOUSNESS. Isidore Margaretten. 4 pages 


PADGETT-HOOD et 


ELECTRO DE THE TYRANNY OF NERVES. Eoline Church Dubois. 
RMATOME | 3 pages. 5 cents. 
| SHOCK THERAPY SAVES MINDS. Harold Shryock. 
Accurate and uniform grafts of any width up © PREM, 5 Sea, 
to FOUR inches and to any length. A single 
Surgeon using but one hand can operate this 
simple instrument without assistance. 
WRITE TO US TODAY | 
FOR DETAILED INFORMATION AMERICAN MEDICAL ASSOCIATION 


KANSAS CITY ASSEMBLAGE CO. | 35 Noh Dero Se 


816 LOCUST, KANSAS CITY, MO. 


Keep a supply of these booklets on hand. 
Available at lower cost for quantity 
purchases. 
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different angle on antisepsis 


Bactericidal...of course! But an antiseptic can’t stop 
with just superficial action. Zephiran chloride penetrates 
crevices and folds...spreads into wounds... 
and diffuses over contaminated surfaces. That's why 

it exerts such pronounced and prolonged germicidal effect. 

As a cationic detergent, Zephiran chloride utilizes 
its wetting and spreading properties to implement gram-negative 
and gram-positive bactericidal potency. 
Supplied as: 
Aqueous Solution 1:1000, bottles of 8 oz. and 1 U.S. gallon. 
Tincture 1:1000, tinted and stainless, bottles of 8 oz. and 1 U.S. gallon. 


Concentrated Aqueous Solution 12.8%, bottles of 4 oz. and 1 U.S. gallon 
(1 oz. = 1 U.S. gallon 1:1000 solution), must be diluted. 


Zephiran, trademark reg. U.S. & Canada, brand of benzalkonium chloride (refined) 


ZEPHIRAN secs 


Jor antisepsis with finesse 


Winthrop-Stearns Inc. + New York 18, N. Y. * Windsor, Ont. 





